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ABSTRACT 
Lagenaria leucantha is an important vegetable, belonging to the family 
cucurbitaceae. It is grown in almost all parts of India. Root-knot nematode 
(Meloidogyne spp.) is one of the most important plant pathogen infecting a 
large number of economically important plants, all over the world. Often, the 
roots of plants are attacked by the root-knot nematode, M incognita that causes 
stunting, wilting and yellowing of above ground parts and galling on the roots. 
Deformities in the galled roots affect absorption of water and minerals and 
transport of these substances towards the shoot. The plant, at the initial stages 
of infection, shows wilting symptoms. At the later stage the plant growth 
retards, the leaves become chlorotic, and finally the plant dies. 
In the first experiment anatomical studies of M incognita infected roots 
were carried out from the day one to the 27th day, after inoculation. The roots 
were sectioned and examined at regular intervals for anatomical changes taking 
place in the formation of giant cell, in the development of the nematode, in the 
formation of hypertropic and hyperplastic tissue, and abnormal vascular 
elements. 
The characteristic feature, in Meloidogyne induced galls is the formation 
of discrete, abnormally large giant cells. In the growing roots of L leucantha, 
the juveniles of M. incognita induced giant cell in provascular elements, 
especially from the cells which give rise to primary phloem. Soon after 
penetration, the juveniles entered the procambium zone and induced 
hypertrophy and hyperplasia, not only in the cells transforming into sieve 
elements but also in the nearby cells. A large number of cells around the 
nematode head enlarged (hypertrophied) and many of them divided 
(hyperplastied) leading to the formation of the gall. The affected cells 
comprised of the cells of cortex, endodermis, pericycle, conjuctive tissue, 
xylem, phloem and pith parenchyma. 
The juveniles of Meloidogyne incognita penetrated at or behind the root 
tips of L. leucantha. They migrated intercellularly, in the inner tissue, by 
seperating the cell walls. The giant cells were induced in the region of 
undifferentiated phloem within 72 h of inoculation. Maximum number of 
nuclei and highly dense cytoplasm was noticed 9 days after inoculation. 
Decrease in number of nuclei and increase in vacuolation was found 15 days 
after inoculation. Small giant cells became empty and changed into vessel like 
elements by the deposition of lignified secondary wall material. Larger giant 
cells with little or no cytoplasm also transformed into abnormal vessel 
elements, after 27 days of inoculation. 
Secondary infection was noticed 27 days after inoculation. The egg 
masses of all the females were not expelled out of the plant tissue. Some egg 
masses remained inside the root tissue from which the second-stage juveniles 
after hatching reached cambial zone and caused secondary infection. Repetition 
of hypertrophic and hyperplastic reactions, due to secondary infection, caused a 
rapid increase in gall size. Some freshly hatched second-stage juveniles, instead 
of inducing new giant cells, started feeding on old giant cells. Hypertrophic and 
hyperplastic reactions were accompanied with such type of feeding. 
The second experiment was carried out to know the effect of different 
inoculum levels of the nematode on the growth of the plant, on the formation of 
the galls, on the development of the nematodes, and on the formation of 
abnormal tissues inside the galls. 
The initial population density of M incognita affects host plants 
differently. At the lower incoulum level there was a slight but non-significant 
increase in plant growth. At higher initial inoculum levels the growth reduction 
was significant. Reduction in lengths and weights of both roots and shoots was 
maximum at 50,000 J2, the highest inoculum level. 
The galls were scanty and very small at lowest (Pi = 05 J2) initial 
inoculum level. The gall number and the gall size increased from lower to 
higher inoculum level with a maximum at the highest inoculum level. 
The number of mature females recovered from plants at Pi - O5J2 was 
low that increased to maximum at Pi= 50,000J2. However their size decreased 
as the inoculum level increased. 
At lowest inoculum level one nematode was enough to cause the 
formation of giant cell complex while at higher inoculum levels more 
nematodes were found causing multiple giant cell complexes. The average size 
of giant cell was larger at lower initial inoculum level and smaller at higher 
inoculum level. The giant cell cytoplasm was more dense at lower inoculum 
level than at higher inoculum level. Abnormalities in the orientation and in the 
structure of xylem and phloem were found at fewer places at lower initial 
inoculum level and higher at higher inoculum level. 
At lowest inoculum level, the number of giant cells around the head of 
the mature female was 4 to 8. The giant cells were larger in size, enclosed 
dense cytoplasm, as compared to those found in the plant at higher inoculum 
level. The amount of abnormal xylem and phloem was more at higher 
inoculum level than at lower inoculum level. Out of the five primary inoculum 
levels (05 J2, 50 h, 500 J2, 5,000 J2 and 50,000 J2) considered, the galling was 
scanty and also the size of the gall was very small at the lowest inoculum level. 
The number of mature females recorded was small, at lowest inoculum level, 
however, their size was large as compared to the other inoculum levels. At this 
level the number of egg masses obtained was large. 
By the increase of primary inoculum level, the plant growth gradually 
reduced, number and size of the gall increased, number of mature females per 
gram root increased but the size of the mature females decreased. The number 
of egg masses per plant also increased. Greatest reduction in length and weight 
of the plant was observed at the highest initial inoculum level. The number and 
the size of the gall, the number of mature females per gram root and the 
number of egg masses per plant were maximum at the highest inoculum level. 
The size of the mature females decreased at higher inoculum levels. 
The third experiment was conducted to observe the effect of different 
inoculum level of the nematode on plant growth, yield and biochemical 
contents of the plants of bottle gourd. At lower inoculum level the plant growth 
was improved but at higher inoculum level the growth and yield of the plant 
suppressed. 
The chlorophyll pigment of the leaves of L. leiicantha decreased with an 
increase in initial inoculum level of M incognita. The protein content of the 
roots of M incognita infected plants increased with increase in initial inoculum 
level, while protein content of stem and leaves of the plant decreased with an 
increase in initial inoculum level. The carbohydrate content of root, stem and 
leaves of M. incognita infected plant decreased with an increase in initial 
inoculum level. 
The next experiment was conducted to examine the interactive effects of 
M incognita and Pythiiim aphanidermatiim on the plant growth, yield, 
chlorophyll pigment and protein content of bottle gourd. The fungus was added 
into the soil around the roots of Lagenaria before or after of nematode 
incoulation. The fungus was applied at specific time period after seedling 
transplantation. It's effect on plant growth, yield, chlorophyll pigment, protein 
content and nematode development was observed. 
In the presence of fiingus Pythium aphanidermatum, the reduction in the 
plant growth of M incognita infected plant was enhanced. Leaf area, yield, 
chlorophyll pigment and protein content also decreased significantly, when 
compared with control. Maximum reduction in the plant growth, yield, 
chlorophyll pigment and protein content was noticed when plants were first 
inoculated with nematode, and after one week, with fungus. Minimum 
reduction in all the parameters was observed in the treatment where plants were 
inoculated with nematode only. 
Maximum number of galls were found in the plants inoculated with 
nematode, seven days prior to fungal inoculation, followed by simultaneous, 
nematode alone, and fungus prior and nematode post respectively. 
The fungus after penetrating into the root tissues grew inter and intera-
celluarly. It reached to the cortex and the stele. The hyphae were observed 
around the nematode, near the giant cells, and in the stele and the soft tissues. 
The fifth experiment was conducted to investigate the effect of soil 
application of fly ash, in different concentrations into the soil, on the plant 
growth, yield, leaf pigments and protein content of bottle gourd in three 
consecutive years. In the first year, an increasing trend in the growth and yield 
was observed fi-om 10% to 40% fly ash level, maximum at 30% level. Further 
increase in the concentration of the fly ash reduced plant growth, yield, leaf 
pigments and protein content of the plant. Highest suppression had occurred at 
50% fly ash level. 
In the second year using the soil of previous year, similar trend was 
observed except at 40% fly ash level, which exhibited reduction. The quantum 
of increase in growth and other parameters, however, was lower than that of the 
first year. At 50% fly ash level the reduction was higher than the previous year 
The reduction was significant. 
In the third year while comparing with control, reduction in all the 
parameters was observed at all the fly ash levels. The extent of reduction was 
lower at 10% to 30% fly ash levels and higher at 40% and50% fly ash levels. 
In the last experiment, the effects of both fly ash and root-knot nematode 
M incognita on bottle gourd, L. leucantha were studied. Root-knot disease in 
terms of number of galls and egg mass production showed decreasing trend, 
when concentration of fly ash increased, when compared with nematode 
inoculated plants. Higher fly ash levels were found to be inhibitory for the 
nematodes. The number of galls and egg masses was lowest at 50% level. 
In the second year, reduction in all the parameters was greater in 
comparison to fu-st year. Number of galls and number of egg masses per plant 
decreased with increase in fly ash level. While in the third year, there was 
further decrease in the plant growth, yield, leaf pigment and protein content of 
the plant. 
Anatomical studies of infected roots carried out at regular intervals of time 
revealed the following facts: 
(i) The juvenile penetration into the roots at or behind the root caps. 
(ii) The juveniles migrated inter-and intera-cellularly in the roots. 
(iii) After 24 hours, the juveniles reached the meristematic zone. 
(iv) The juveniles caused hypertrophy. 
(v) Incipient giant cells with large nuclei observed. 
(vi) After 72 hours, the giant cell became prominent. 
(vii) The giant cells occurred in the differentiating phloem. 
(viii) Hyperplasia and hypertrophy caused disruption in vascular strand. 
(ix) The giant cells enclosed dense cytoplasm. 
(x) After 9 days, the giant cells enclosed very dense cytoplasm. 
(xi) Amount of abnormal xylem increased. 
(xii) After 15 days small giant cells became empty. 
(xiii) Empty giant cells transformed into abnormal vessel elements. 
(xiv) After 21 days more abnormal xylem was seen. 
(xv) After 27 days, more giant cells became empty. 
(xvi) Larger empty giant cells-transformed into abnormal vessel elements. 
(xvii) Juveniles hatched out of eggs. 
(xviii) The juveniles caused secondary infection. 
The initial inoculum levels of M. incognita comprising of O5J2, 5OJ2, 
5OOJ2, 5OOOJ2, 50,000J2 produced varying effects on the plants. There was no 
any significant change in plant growth at O5J2 and 5OJ2. Significant effect were 
observed at 5OOOJ2 and 50,000J2 inoculum levels where: 
(i) The length of root and shoot decreased. 
(ii) The weight of root and shoot decreased. 
(iii) The number of flowers decreased. 
(iv) The number of fruits decreased. 
(v) The number of galls increased. 
(vi) The size of the gall increased. 
(vii) The number of mature females per gram of root increased. 
(viii) The size of mature females decreased. 
(ix) The number of egg masses per plant increased. 
(x) The amount of abnormal xylem increased. 
(xi) The amount of abnormal phloem increased. 
(xii) The number of giant cell complexes per gall increased. 
(xiii) The size of giant cell decreased and. 
(xiv) The giant cell cytoplasm evacuated more rapidly. 
Different inoculum level of M incognita comprising of 50 J2, 500 J2, 
5,000 J2 and 50,000 J2 produced varying effects on plant growth, yield, leaf 
pigments and biochemical contents (protein and carbohydrate) of the plant. 
Significant effects were observed at 5000 J2 and 50,000 J2 inoculum levels 
where: 
(i) The length of roots and shoots decreased. 
(ii) The weight of roots and shoot decreased. 
(iii) The chlorophyll content of the leaves decreased. 
(iv) The total protein content of the plant increased. 
(v) The total carbohydrate content of the plant decreased. 
The fungus Pythium aphanidermatum when applied into the soil one 
week before, simultaneously and one week after nematode inoculation resulted 
in: 
(i) Decrease in length of roots and shoots. 
(ii) Decrease in weight of roots and shoots. 
(iii) Decrease in number of flowers. 
(iv) Decrease in number of fruits. 
(v) Decrease in leaf area. 
(vi) Decrease in chlorophyll pigment. 
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(vii) Decrease in protein content. 
(viii) Increase in gall number. 
Fly ash when amended with soil in different concentrations (0%, 10%, 
20%, 30%, 40% and 50%) caused: 
(i) Increase in length of roots and shoots from 10% to 40% fly ash level. 
(ii) Increase in weight of roots and shoots upto 40% level. 
(iii) Increase in number of flowers upto 40%. 
(iv) Increase in number of fruits. 
(v) Increase in leaf area. 
(vi) Increase in leaf pigments and protein content and further increase in the 
fly ash caused: 
(i) Decrease in length of roots and shoots. 
(ii) Decrease in weight of roots and shoots. 
(iii) Decrease in number of flowers. 
(iv) Decrease in number of fruits. 
(v) Decrease in leaf area. 
(vi) Decrease in leaf pigments and protein content. 
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While in the second year, using the same soil of previous year in the 
same concentration of fly ash caused: 
(i) Increase in length of root and shoots from 10% to 30% level. 
(ii) Increase in weight of roots and shoots. 
(iii) Increase in number of flowers. 
(iv) Increase in number of fruits. 
(v) Increase in leaf area. 
(vi) Increase in chlorophyll pigment and protein content. 
Further increase in the fly ash concentration resulted in: 
(i) Decrease in length of roots and shoots, 
(ii) Decrease in weight of roots and shoots, 
(iii) Decrease in number of flowers, 
(iv) Decreaseinnumber of fruits, 
(v) Decrease in leaf area, 
(vi) Decrease in chlorophyll pigment and protein content of the plant. 
Fly ash in the third year caused: 
(i) Decrease in length of roots and shoots from 10 to 50% levels. 
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(ii) Decrease in weight of roots and shoots. 
(iii) Decrease in number of flowers. V^^^'-^ ,'''?^^ 
^ * 
r-S92Q. ) 
(iv) Decrease in number of fruits. *^  \ j j»/ 
(v) Decrease in leaf area. 
(vi) Decrease in chlorophyll pigment and protein content. 
The fly ash when applied into the soil along with the nematode in three 
consecutive years caused. 
(i) Decrease in length of roots and shoots from 10% to 50% level. 
(ii) Decrease in weight of roots and shoots. 
(iii) Decrease in number of flowers. 
(iv) Decrease in number of fruits. 
(v) Decrease in leaf area. 
(vi) Decrease in chlorophyll pigment and protein content. 
(vii) Decrease in number of galls. 
(viii) Decrease in number of egg masses. 
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INTRODUCTION 
Vegetables play an important role in the balanced diet of human beings 
by providing not only the energy food but also promise supply of vital 
protective nutrients like minerals and vitamins. Their consumption in sufficient 
quantities provides taste and palatability, increases appetite, and provides fair 
amount of fibres. 
Cucurbits form an important group of vegetable crops cultivated 
extensively in this country. The family Cucurbitaceae is extremely interesting 
botanically and medicinally; it is mosdy used as vegetable in many parts of the 
world. Majority of the species are tendril climbers, herbaceous and annuals. 
Bottle gourd (Lagenaria leucanlha) is a large, pubescent climbing or 
trailing herb found throughout India either wild or cultivated. Besides, used as 
a vegetable, it has some medicinal properties also. The fruit pulp around the 
seeds is considered emitic as well as purgative. It is cooling, diuretic and 
antibilious and applied externally in delireum. The juice of the fruit, boiled in 
oil, is used for rheumatism; the leaf juice is used for baldness (Sastri, 1962). 
The seeds of bottle gourd are used in dropsy and as anthelmintic. 
Nematodes comprise, a large ubiquitous group of inverteberates highly 
diversified with representative in almost every kind of environment. They 
occur in unimaginable numbers and show great variation in size and structures. 
A large number of nematode species are parasites of different kinds of plants 
and animals. 
Root-knot nematodes (Meloidogyne spp.) are one of the most important 
groups of plant pathogens infecting a large number of plants of economic 
importance, all over the world. The nematodes attack the underground parts of 
the plants, where they induce the development of abnormal growth of the roots. 
Sometimes large galls are developed at the base of the stem. The size and 
character of galls vary in different plants as in Thunbergia laurifolia and 
rhubarb, enormously large structures nearly two feet in diameter, may be seen 
(Steinere/a/., 1934). 
Root-knot nematodes have evolved very specialized and complex 
relationships with their hosts. The plant and nematode interactions cause 
morphological and physiological changes of the affected tissues or death of the 
cell by removal of their contents; or the host cells adapt to nematode by 
enlarging or increasing their metabolic activities; the cells undergo growth or 
multiplication. These effects of plants have been termed as destructive, 
adaptive and neoplastic, respectively (Dropkin, 1980). 
Root-knot nematodes are sedentary endoparasites. The female nematode 
remains embedded in the vascular cylinder. The sedentary life cycle is 
associated with sexual dimorphism (Triantaphyllou, 1960; Davide and 
Triantaphyllou, 1967; Cohn and Spiegel, 1991). Second-stage juveniles usually 
penetrate the roots in the region of elongation, close to root meristem, i.e. near 
the root tip. The nematodes select either the epidermal cell or the site between 
the two cells where the cell wall is rather thin (Wyss et al, 1992). The 
movement of juvenile is primarily intercellular (Nemec, 1910; Endo and 
Wergin, 1973) but they move intracellularly also (Christie, 1936). 
The second-stage juvenile of Meloidogyne penetrates the root and 
establishes its feeding site on vascular parenchyma. In response to feeding 
activity, some parenchyma cells become hypertrophied and multinucleate, and 
are generally known as "giant cells". The term giant cell refers to a 
multinucleate transfer cell usually induced by root-knot nematodes in which the 
multinucleate condition of giant cell results from repeated mitosis (Endo. 
1987). Nemec (1910) noted that the cells in plerome close to the nematode 
head immediately commence to enlarge their plasma contents, their nuclei 
divide without the division of cytoplasm. Kostoff and Kendall (1930) believed 
that giant cells were formed by wall dissolution of affected cells followed by 
coalescence of cell contents. This concept was supported by Christie, 1936; 
Krusberg and Nielsen, 1958; Dropkin and Nelson, 1960; Littrell, 1966. 
Huang and Maggenti (1969a) in their detailed study on giant cell 
development in Viciafaba roots found no evidence of cell wall dissolution or 
breakdown. They noted that multinucleate condition of giant cell arose from 
repeated mitoses without cytokinesis of a single diploid cell. Jones and Payne 
(1978) supported the view of single cell induction through a study on early 
stages of giant cell formation in balsam roots, infected with Meloidogyne 
incognita. They found no evidence of cell wall breakdown and dissolution in 
the stimulated cell and concluded that the giant cell originated from a single 
cell and the intrusions reported along the giant cell wall were not wall 
fragments but infolded walls of giants cells. 
The multinucleate state in giant cell induced by root-knot nematode M. 
incognita has been reported to arise as in case of Heterodera infections 
(Tischler, 1902; Nemec, 1910; Krusberg and Nielsen, 1958; Dropkin and 
Nelson, 1960; Owens and Specht, 1964; Littrell, 1966). Owens and Specht 
(1964) found that number of nuclei within the developing giant cell could be 
correlated with the number of host cells that would normally occupy the 
volume of the giant cell. Nuclear changes ranged from a nucleus near the stylet 
of the nematode which showed a hypertrophied nucleolus with the apparent 
absence of a nuclear membrane to nuclei with various stages of membrane 
deterioration and a lobulated periphery. Other nuclear abberations included 
nucleolar fragmentation into small granules, which stained like nucleoli and 
remained scattered throughout the nucleus. Irregularly shaped, dumbell or 
sickle shaped nuclei were observed. Similar observations of sickle shaped 
nuclei were also made on root-knot infections of sweet potato by Krusberg and 
Nielsen (1958). Nuclear enlargement in giant cell of root-knot nematode 
infected tomato, cucumber and hawk's beard (Crepsis capillaris) (Owens and 
Specht, 1964) appeared to result from swelling and in some cases from nuclear 
fiision. Such nuclear frision in giant cell of tomato accounts for the extreme 
enlargement of some nuclei which had a diameter of 35 jim as compared to 
normal cell nuclei of 6 |im. Other data (Rubinstein and Owens, 1964) indicated 
that the plants inoculated with M incognita had giant cell nuclei with over 100 
chromosomes whereas normal cells had 2N number of 14 (Dropkin, 1965). 
The granular texture of giant cell cytoplasm in root-knot infections has 
been reported for a number of host parasite interactions (Christie, 1936; Owens 
and Specht, 1964; Heald, 1969; Riffle, 1973). The cytoplasm of a young giant 
cell becomes dense where golgi apparatus, mitochondria, ribosomes polysomes 
and endoplasmic reticulum are abundant. Central vacuoles gradually disappear 
and smaller vacuoles increasingly prevail (Jones and Northcote, 1972; Jones 
and Dropkin, 1976; Jones and Gunning, 1976; Jones and Payne, 1978; Wergin 
and Orion, 1981). As the nematode matures and nutrient demand from giant 
cells increases the giant cell cytoplasm shows signs of intense metabolic 
activity. Nuclei become highly lobed and heterochromatic with prominent and 
numerous nuclear pores, indicating rapid nucleo-cytoplasmic exchange. Starch 
grains are lost and the secondary vacuoles become more numerous and smaller. 
Finally the cytoplasm is extracted as the giant cells senesce, leaving some 
organelles and the ingrowths, but little ground cytoplasm. 
The host parasite relationship of the root-knot nematode infection causes 
disruption of xylem and phloem tissues resulting in hindrance in the 
transportation of water, mineral nutrients and translocation of food materials in 
the host plants. Davis and Jenkins (1960) observed the disruption of stele in 
Gardenia spp. infected with Meloidogyne spp. Proliferated parenchyma cells 
caused the conducting tissues to scatter so that xylem and phloem occurred in 
irregular patches rather than in one column. They also observed a periderm like 
formation developing from the outer layer of the cortex on the infected site of 
the root, even though the nematode was embedded several cells beneath the 
surface. 
Odihirin and Jenkins (1965) also reported disruption of vascular cylinder 
so that continuity of xylem and phloem was broken. Huang (1966) reported 
cork formation and lignified wall thickening of endodermis and pericycle at 
infection sites in Zingiber officinale. The formation of abnormal xylem has 
been reported on different plants infected with root-knot nematodes (Littrell, 
1966; Siddiqui and Taylor, 1970; Siddiqui et ai, 1974; Byrne et al. 
1977; Meon et al., 1978; Jones, 1981; Pasha et ai, 1987). Siddiqui and Ghouse 
(1975) found destruction of primary phloem and formation of abnormal vessel 
elements with unusual orientations at the site of infection in the roots of 
Lagenaria leucantha infected with M incognita. Occurrence of abnormal 
xylem as irregular patches was reported by Pasha et al. (1987). Significant 
reduction in vessel dimension was also observed. The vascular tissues 
exhibited discontinuity. Patel and Patel (1991) reported that the immature 
stages of nematode penetrated freely into the epidermis and reached the 
endodermal layer intercellularly through cortical cells in wheat. The cells 
surrounding the feeding site were darker and thicker than normal cells. Giant 
cell initials were observed near the head of the nematode mostly in phloem 
parenchyma and rarely in pericycle and xylem parenchyma in wheat seedlings, 
three days after inoculation of root-knot nematode. The giant cells bore 
appendages which grew intrusively among the neighbouring cells. Wall 
ingrowths or protuberance formation in giant cells may indicate that it is a form 
of transfer cell. Sharma and Teobi (1989) and Datta et al. (1991) reported the 
giant cell formation, 73 h after inoculation in the xylem and phloem 
parenchyma in Vigna radiata and Cyamopsis tetragonaloba. Hisamuddin and 
Siddiqui (1992) observed 5 to 6 giant cells in the region of vascular 
differentiation within 24 h of inoculation in Luffa cylindrica. Abnormal xylem 
formation progressed incessantly and gradually aimexed most of the 
parenchyma. 
Galling is one of the earliest host response in root-knot nematode 
infection in the roots of host plants. MoUiard (1900) observed galls on the roots 
of melon, Coleus and Begonia and reported that after invasion, the root tip 
growth may be arrested and lateral roots frequently developed near the site of 
invasion. 
Schuster and Sullivan (1960) found galls on tomato roots by 
Meloidogyne incognita even when the juveniles were outside the roots. The 
stylet penetrated the root surface cells and secreted material that stimulated 
host tissue to form galls. Davis and Jenkins (1960) reported gall formation in 
Gardenia spp. infected with M. incogniia, M. incognita acrita and M. hapla. 
On soybean roots M incognata infection caused hypertrophy, hyperplasia and 
giant cell formation in the tissue surrounding the head that consequently led to 
gall formation (Ibrahim and Massoud, 1974). According to Siddiqui and Taylor 
(1970) gall formation is attributable to hypertrophy of the cortical cells, xylem 
parenchyma, formation of giant cells, nematode development and egg mass 
production. 
Compatibility of a plant and nematode allows for a considerable 
development and reproduction of the parasite. Some pathogens, depending on 
the compatibility and initial stimulus, use mechanical force to penetrate plant 
tissue. The subsequent development of disease syndrome depends on 
biochemical reactions in between exudates of pathogens and metabolites, 
already existing or produced by the host as a response to infection. The host 
parasite interaction is a complex developmental system and failure of 
compatible response could result from metabolic inhibitors causing death of 
feeding site and ultimately the pathogen. 
Some of the common responses of plant to nematode infestation is 
similar to those reported for many other plant diseases caused by various 
pathogens. EiAanced respiration, reduced rate of photosynthesis, stimulated 
protein and nucleic acid synthesis, accumulation of metabolites at the site of 
infestation, enhanced enzyme activity and hyperauxenity are some of the 
physiological responses in the plant to nematode infestation. The biochemical 
responses of diseased plants caused by Meloidogyne spp. have been 
investigated by a number of workers. Owens and his group (Owens and Specht, 
1964; Owens and Bottino, 1966) demonstrated that the developing giant cell 
was the region of intense DNA and RNA synthesis. The galled roots exhibited 
an unusual increase in the amount of metabolites. Hence, it is evident that root-
knot nematodes greatly modify the utilization of minerals by plants for the 
synthesis of proteins and carbohydrates (Dasgupta and Deb, 1972). Bottle 
gourd is susceptible to a large number of diseases and pests. Pythium is one of 
the causes of seed rot, seedling damping off and root rot of all types of plants 
and also of soft rots of fleshy fruits in contact with the soil. Interaction of fly 
ash with fungal, bacterial and nematode pathogens causing diseases in plants 
has gained little response. It is likely that the interactive effects of 
P. aphamdermatum, M. incognita and fly ash may be different to lesser or 
greater extent than their individual effects, on growth and productivity of bottle 
gourd. The present study was undertaken to examine these possibilities. 
The physiology of Meloidogyne an infected plant is drastically altered 
and is reflected by the symptoms produced on the shoots and roots. The root 
infection hy Meloidogyne spp. leads to the formation of feeding site, which acts 
as a metabolic sink. The food material synthesized in the shoots is mobilised 
towards this metabolic sink. Therefore, it was felt desirable to investigate the 
effect of Meloidogyne on the chlorophyll pigment, carbohydrate and protein 
contents of the infected roots and compare them with the earlier findings. 
Nature does not work with pure culture. Generally, plants are 
predisposed to the attack of several pathogens simultaneously and there are the 
possibilities, that one pathogen may predispose the plant to the attack of 
secondary pathogen, which may be weak or potentially pathogenic. Therefore, 
the studies pertaining to the sequence of events leading to the disease 
development and the full expression of disease symptoms are gaining 
importance for the development of management strategy. 
Of all the interactions of pathogens with nematode, none are as 
damaging to crops world wide as the combined effects of wilt including fungi 
and plant parasitic nematodes. The combination of nematode and fiingus often 
results in a synergistic interaction whereas the crop loss is greater than 
expected from either pathogen alone or an additive effect of the two together. 
The disease development sometimes occurred only with combined 
infection of nematodes and fungus and was more severe in root-knot 
susceptible varieties than in root-knot resistant ones (Powell and Nusbaum, 
1960; Sasser et al., 1955). The fungus had an affinity for hypertrophied and 
hyperplastic areas of galled tissue. In such a tissue the mycelium grew more 
extensively and vigorously than in non-galled areas. Apt and Koike (1962) 
studied the interaction of M. incognita acrita and Pythium graminicola on 
sugarcane and found a synergistic association, and the combination of both the 
organisms reduced top growth of plants. Similarly, pre-emergence and post 
emergence damping off of cotton plants, caused by Rhizoctonia solani, was 
more severe in the presence of root-knot nematodes (Reynolds and Hasan, 
1957). The interactions of P. myriotylum with Fusarium solani, 
R. solani and M. arenaria in pre-emergence damping off of groundnut was 
studied by Garcia and Mitchell (1975). They found a synergistic association 
between P. myriotylum, F. solani and M arenaria. Powell and his associates 
(1970) found that usually non -pathogenic fimgi became pathogenic only after 
the root systems were infected with M. incognita. Dwivedi et al. (1992) 
reported that the effect of the nematode in combination with the fungus (F, 
oxysporum f sp. udum) enhanced the suppression of growth of pigeonpea 
including bacterial nodules. Anwar and Alam (1998) reported greater incidence 
of the disease when the plants were already inoculated with root-knot 
nematode. 
Air pollution is caused by the pollutants released in air. The combustion 
of fossil fuels (coal, oil, gas etc.) for releasing their stored energy is the 
foremost challenging pollution problem. The air pollutants are of different 
kinds but are broadly grouped into two categories—gaseous and particulate. 
The major gaseous air pollutants are sulphur dioxide (SO2), nitrogen oxides 
(Nox), carbon monoxide (CO), ammonia (NH3), chlorine (CI2), ethylene 
(C2H4), hydrogen fluoride (HF), ozone (O3) and peroxyacetyl nitrate (PAN). 
Paiticulate air pollutants include coal dusts, fly ash, cement dust and soil dust 
particles. 
Air pollution by particulate air pollutants is attributed to industrial and 
other activities including power generation plant and transportation. Fly ash, 
emanating from thermal power plants, using coal as ftiel, is a major cause of 
ambient pollution and such pollution is of great concern in developing 
countries (Das, 1986). 
The air pollutants have direct or indirect effects on micro- organisms. 
The susceptibihty of pollution stressed plants to microbial pathogens may be 
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altered to influence disease development. Plant diseases caused by 
microorganisms may either be enhanced or suppressed depending upon the 
nature of disease and host and the concentration and diversity of the pollutants. 
It is becoming evident that interactions between the pollutants, plant and 
microorganisms, including the pathogen can affect pathogenesis (Heagle, 1973. 
1982). 
The present study was carried out: 
(i) To study anatomical changes leading to the formation of galls and 
compare them from earlier findings. 
(ii) To investigate the origin of giant cell and their fate after death of 
nematode. 
(iii) To fmd out any link of giant cell with phloem. 
(iv) To observe abnormalities in xylem and phloem. 
(v) To study the effect of different inoculum levels of Meloidogyne 
incognita on plant growth, root-knot development and multiplication of 
the nematodes on bottle gourd (Lagenaria leucantha). 
(vi) To study the effect of different inoculum levels of M incognita on plant 
growth, chlorophyll pigment, protein and carbohydrate contents of bottle 
gourd (L leucantha). 
(vii) To study the effect of M incognita and P. aphanidermatum alone and in 
combination, on the plant growth, multiplication of the nematode, root-
knot and disease development on bottle gourd (I. leucantha). 
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(viii) To study the effect of fly ash on the plant growth, yield, chlorophyll 
pigment and protein content of bottle gourd (L. leucantha). 
(ix) To study the effect of fly ash on the development of root-knot nematode 
andgrowthof bottle gourd (L. leucantha). 
The experiments were performed to compare and confirm earlier reports 
and to provide some new information. For this purpose following experiments 
were conducted. 
Section I 
Experiment 1: Origin of giant cell, development of galls and abnormalities in 
the vascular elements of galled roots of Lagenaria leucantha infected with 
Meloidogyne incognita. 
Experiment 2: Effect of different inoculum levels of M incognita on L 
leucantha. 
Experiment 3: Effect of root-knot nematode (M incognita) infection on 
chlorophyll pigment, carbohydrate and protein contents of L. leucantha. 
Section II 
Experiment 1: Effect of root-knot nematode (M incognita) and root-rot 
fungus (P. aphanidermatum) on the disease development and plant growth of 
bottle gourd (L. leucantha). 
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Section III 
Experiment 1: Effect of fly ash amended soil on the plant growth, yield, 
chlorophyll pigment and protein content of bottle gourd (L. leucantha). 
Experiment 2: Effect of fly ash amended soil on the development of root-
knot nematode (M. incognita) and growth of bottle gourd (L. leucantha). 
!3 
REVIEW OF LITERATURE 
The root-knot nematodes (Meloidogyne spp. Goeldi) cause root-knot 
disease of a wide variety of cultivated, ornamental and wild plants. They are 
the most extensively studied nematode species. Meloidogyne species havmg 
extensive host ranges parasitize, large number of monocotyledons and 
dicotyledons. The root-knot nematodes have evolved very specialized and 
complex relationship with their hosts. They cause the formation of knots or 
galls on the roots of the susceptible hosts (Taylor and Sasser, 1978). 
Root galling, induced by Meloidogyne spp., is a well-known host 
response. It involves the production of large multinucleate cells in the vascular 
tissues of the host plants. The root damage caused by the nematode also 
influences the above ground parts of the plant. The above ground symptoms are 
poor shoot growth, leaf chlorosis and even death of the plant resulting in low 
productivity and poor quality of marketable products. 
The second-stage juvenile is the infective stage of the nematode. The 
root-knot nematode juveniles penetrate at or behind the root cap wirJi 
subsequent penetration into meristematic zone of the apex (Nemec, 1910). 
Christie (1936) observed that the juveniles penetrated into the root tips and fed 
on epidermal cells. They accumulated either in the region of cell elongation or 
just behind the root cap at the point from where lateral roots emerge or at the 
site of penetration of other juveniles and cut surfaces of the roots (Godfrey and 
Oliveira, 1932; Linford, 1939, 1942; Peacock, 1959; Bird, 1969; Green, 1971; 
Siddiqui, 1971a, 1971b; Prot 1980). The mechanism of penetration may 
involve mechanical action by thrusting of the stylet and cellulytic and 
pectolytic activity of enzymes (Linford, 1942; Bird and Loveys, 1980). 
Krusberg and Nielsen (1958) reported primary root penetration by second-stage 
juveniles in the region of cell differentiation in sweet potato or any where from 
root cap back to the region of root hair formation and also through the loose 
ruptured cells of enlarged tuberous roots. Siddiqui and Taylor (1970) found 
juveniles penetrating in the region of cell differentiation and elongation. After 
penetration intercellular migration of the juveniles into the cortex was observed 
by several workers ( Nemec, 1910; Godfrey and Oliveira, 1932; Linford, 1937, 
1942; Endo and Wergin, 1973; Jones and Payne, 1978). During intercellular 
migration the middle lamella gets dissolved and the cells are separated along 
the middle lamella. Various authors reported intra and intercellular migration 
(Christie, 1936; Krusberg and Nielsen, 1958; Roman, 1961; Bird, 1959, 1960, 
1962; Siddiqui and Taylor, 1970; and Siddiqui, 1971-a, b). 
Root-knot infection causes the formation of a group of multinucleate 
cells generally known as "giant cells" (Christie, 1936; Mountain, 1960). Giant 
cell is a multinucleate transfer cell in which the multinucleate condition arises 
due to repeated endomitoses without cytokinesis. Beille (1898) was the first 
who proposed that the disintegration of cell walls and coalescence of cell 
content in papaya roots form giant cells. Observation of cell wall contents in 
the giant cell supported this view (Bird, 1961, 1972; Smith and Mai, 1965). 
Formation of giant cells through dissolution of cell walls and the coalescence 
of the cell contents were supported by several other workers ( Kostoff and 
Kendall, 1930; Christie, 1936; Krusberg and Nielsen, 1958; Dropkin and 
Nelson, 1960; Owens and Specht, 1964; Littrell, 1966). In contrast to this, 
Huang and Maggenti (1969) reported that giant cells are formed by repeated 
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mitoses of the original diploid nucleus without subsequent cytokinesis. Endo 
(1987) also supported the view that the giant cells are not formed by the 
dissolution of cell wall. 
Tischler (1902) reported that increase in the number of young giant 
cells is due to normal mitotic cell divisions. Nemec (1910) found that when the 
head region reached the plerome, the host cells surrounding the oral opening of 
the juvenile enlarged. The plasma content of these ceils increased and their 
nuclei divided without the formation of cell wall, thus multinucleate condition 
of the giant cells occurred. Huang and Maggenti (1969a) studied the nuclear 
behaviour in Vicia faba roots infected with Meloidogyne javanica. The nuclei 
divided repeatedly by mitotic divisions without cell wall formation. Elird 
(1973) who worked on V. faba to obtain the chromosome number sequences as 
given by Huang and Maggenti (1969a), could not find the ploidy sequence and 
argued that wall breakdown was also involved in multinucleation. 
The nuclei of the giant cells of root knot infected sweet potato roots, 
varied in size, shape and other characteristics. They were sometimes 100 times 
larger than the nuclei of neighbouring cells. The nuclei were spherical 
pyriform, elongated, dumbell shaped and sometimes lobed that possessed 
projections (Krusberg and Nielsen, 1958). Owens and Specht (1964) observed 
nuclear changes ranging fi-om a nucleus exhibiting a hypertrophied nucleolus to 
nuclei with various stages of membrane deterioration and lobulated periphery. 
Other nuclear aberrations included nuclear fi-agmentation so that small granule, 
which stained like nucleoli, was scattered throughout the nucleus. 
Owens and Specht (1964) suggested that the nuclear enlargement in 
giant cell resulted from swelling and sometimes fi"om nuclear fusion. 
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Rubinstein and Owens (1964) reported 10-12 fold increase in nuclear volume 
in giant cells in tomato roots. Haung and Maggenti (1969a) reported irregularly 
and extremely lobed nuclei in the giant cell of V. faba roots infected with M 
incognita. They were unable to count the number of nuclei of giant cell due to 
juxtaposition, interconnections or due to fusion of various nuclei. 
Hypertrophied nuclei and nucleoli with irregularly lobed shapes have been 
observed in many host plants by a number of workers ( Tischler, 1902; Nemec, 
1910; Kostoff and Kendall, 1930; Christie, 1936; Krusberg and Nielsen, 1)58; 
Davis and Jenkins, 1960; Dropkin and Nelson, 1960; Paulson and Webster, 
1970; Siddiqui and Taylor, 1970; Siddiqui, 1970a; Jones and Payne, 1978). 
The granular texture of giant cell cytoplasm after root-knot infections 
has been reported for a number of host parasite interactions (Christie, 1936; 
Owens and Specht, 1964; Heald, 1969; Riffle, 1973). Christie (1936) reported 
that newly formed giant cells varied in appearance depending upon the tis.mes 
from which they were derived. The protoplasmic density of the giant cell 
increased and gave rise to a homogenoeus structure. As the nematode matiu^ed 
and nutrient demand from giant cell increased with egg laying, the cytoplasm 
of the giant cell showed intense activity. Nuclei became highly lobed and 
heterochromatic with prominent and numerous nuclear pores indicating rapid 
nucleus cytoplasm exchange. Starch grains were lost and the secondary 
vacuoles became smaller and more numerous. 
Second-stage juveniles of M. incognita penetrate into the roots of 
susceptible plants and cause pronounced morphological and physiological 
changes. The histopathological changes that contribute in the formation of galls 
are (i) hypertrophy of cortex, xylem parenchyma and metaxylem (ii) 
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hyperplasia of pericycle and xylem parenchyma (iii) enlargement of nematode 
body and egg mass production (Christie, 1936; Krusberg and Nielsen, 1958; 
Dropkin and Nelson, 1960; Bird, 1961, 1962; Owens and Specht, 1964; 
Hodges and Taylor, 1966; Siddiqui and Taylor 1970; Swamy and 
Krishnamurthy, 1971; Prakaso Rao and Aninee, 1973; Ibrahim and Massoud, 
1974). Meloidogyne spp. generally affect the vascular system of the plant and 
cause extensive damage to xylem and phloem. 
Krusberg and Nielsen (1958), who worked on sweet potato infected with 
root-knot nematode, discussed a lot about abnormal xylem but did not mention 
the fate of normal vascular column. Cells of abnormal xylem were devoid of 
contents, although a few contained nuclei. They were generally derived from 
parenchymatous cells and were characterized by secondary thickenings, which 
were annular, pitted or reticulate type. Their shapes corresponded to that of 
parenchymatous cells from which they were derived. Davis and Jenkins (1960) 
observed the disruptions of the stele in Gardenia spp. infected with M 
incognita. Proliferated parenchyma cell caused the conducting tissues to scatter 
so that xylem and phloem strands became irregular rather than in one column. 
They also observed a periderm like tissue developing from the outer layer of 
the cortex on the infected site of the root. In balsam, Odihirin and Jenkins 
(1965) reported interruption of vascular elements due to the formation of giant 
cells. Xylem and phloem elements were scattered and appeared as patches at 
various locations. Huang (1966) observed giant cells only on fibrous roots of 
Zingiber where all infections accompanied abnormal xylem and hyperplastic 
parenchyma. Vascular elements comprising of xylem and phloem were mostly 
parenchymatous and having much starch grains in peony roots (Eversmeyer 
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and Dickerson, 1966). Swamy and Krishnamurthy (1971) found that the initial 
target on Basella was the primary phloem tissue in younger roots and 
secondary phloem or ray parenchyma in older roots. There was little or no 
injury to the primary or secondary xylem. There was a total absence of phloem 
differentiation and even functional phloem was destroyed after infection. 
Farooq (1973) found the division of stele in root galls of Lycopersicon 
pimpinellifolium infected with M incognita. 
Siddiqui and Ghouse (1975) observed that in early stages of M. 
incognita infection on Lagenaria leucantha roots, the destniction of primary 
phloem was due to pressure of undifferentiated tissues produced by the 
cambium. After the destruction, new phloem was developed which had 
different orientation, composition and size from normal phloem. It mostly 
comprised of parenchyma and some sieve tube elements but no companion 
cells. Nearly all the M incognita juveniles selected the primary phloem or 
adjacent stelar parenchyma as feeding sites, after penetrating the primary root 
of Glycine max (Byrne et ai, 1977). Finley (1981) observed Meloidogyne 
chitwoodi juveniles embedded in the phloem in sweet potato. Meloidogyne 
infection caused disruption in vascular elements of eggplants due to which the 
continuity of vascular strands was disturbed. Abnormal xylem comprising of 
vessel like elements derived from stelar parenchyma was of universal 
occurrence associated with Meloidogyne infections (Christie, 1936; Krusberg 
and Nielsen, 1958; Davis and Jenkins, 1960; Huang, 1966; Littrell, 1966; 
Siddiqui and Taylor, 1970; Siddiqui, 1971a, 1971b; Swamy and 
Krishnamurthy, 1971; Farooq, 1973; Siddiqui et al., 1974; Ngundo and Taylor, 
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1975; Ediz and Dickerson, 1976; Jones and Dropkin, 1976; Byrne et al., 1977; 
Meon et al., 1978; Finley 1981; Jones, 1981; Pasha et al., 1987). 
Abnormal xylem in the roots of eggplant infected with M incognita 
occurred in irregular patches which resulted in discontinuity of vascular tissues 
(Pasha et al., 1987). The giant cells as seen in individual sections appeared to 
be completely surrounded by abnormal xylem elements, but the serial section 
study revealed that none of the giant cells was completely enveloped by the 
xylem. The giant cells always maintained a contact with the phloem. The 
secondary phloem elements, instead of forming a complete ring, appeared 
diverting towards the giant cell, when seen in transverse section. This assured 
an uninterrupted supply of assimilates to the giant cells (Hisamuddin, 1992). 
Plant parasitic nematodes like many other obligate parasites are capable 
of altering the metabolic processes of the host, which is manifested in the form 
of cellular, physiological and biochemical changes occurring in the infected 
host. Root-knot nematodes are one of the most important biotrophic parasites 
and infest severely the roots of several vegetables and other crop plants 
resulting in formation of root galls. Some of the common responses of the plant 
to nematode infestation are enhanced respiration, reduced photosynthesis, 
stimulated protein and nucleic acid synthesis, accumulation of metabolites at 
the site of infestation, enhanced enzyme activity and hyperauxenity. 
Singh et al. (1978) reported biochemical alterations induced by 
M incognita in brinjal. There was an increase iri protein, amino acids, proline 
and phenol content in infected roots over that of healthy roots. A decrease in 
starch and reducing sugar content was observed in infected roots. Tayal and 
Agarwal (1982) studied biochemical alterations in galls induced by M. 
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incognita on brinjal {Solanum melongena). They found that there was an 
increase in the protein content of the infected roots over control. Reducing 
sugars were higher in infected tissues than healthy ones. Basu and Sukul (1983) 
studied changes in the total protein, carbohydrate and lipid in the roots of 
Hibiscus esculentus resulting from infection with root-knot nematode. The 
roots of inoculated plants always had higher amount of protein but lower 
amount of carbohydrate and lipid than of uninoculated ones. Agarwal et al. 
(1985) reported biochemical changes in okra infected with root-knot nematode 
and found a significant enhancement in protein and total free amino acids in 
diseased than normal tissues. There was also a significant decrease in starch, 
non-reducing sugars and total sugars in infected tissues of okra. Simte and 
Dasgupta (1987) studied sequential changes in proteins of soybean, inoculated 
with root-knot nematode, M incognita. Inoculated roots showed higher 
concentration of total buffer soluble protein over their respective controls. 
Increase in the protein content in infected roots was reported in tomato 
(Bird, 1962); Brinjal (Singh et al, 1978); Chilh (Trivedi and Tiagi, 1980, 1986; 
Pandey and Trivedi, 1991); Pea (Sharma, 1985); Mung (Datta, 1987); Okra 
(Sharma, 1992). Giant cells, nematode bodies and hyperplastic parenchyma 
around the giant cells were the main sites of protein accumulation (Owens and 
Novotny, 1960; Knypl and Janas, 1975; Trivedi and Tiagi, 1980). Owens and 
Specht (1964) had observed spreading of proteinaceous material throughout the 
giant cells. The presence of increased amount of protein in galls was due to 
increase in rate of protein synthesis (Owens and Novotny, 1960; Bird, 1961; 
Littrell, 1966; Chylinska et al., 1972). Owens and Bottino (1966) and Sharma 
(1992) reported the absence of protein in giant cell wall. 
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Carbohydrates and starch were found less in galled tissues as compared 
to healthy roots. Absence of starch in giant cells was reported by many workers 
( Bird, 1960; Cohn, 1965; Orion and Bronner, 1973; Trivedi and Tiagi, 1980; 
Sharma, 1992). Reducing sugars were observed to increase in infected roots as 
compared to healthy roots, while non-reducing sugars decreased in infected 
roots (Pandey and Trivedi, 1991; Sharma, 1992). 
Vashishth et al. (1994) studied the morphological and biochemical 
response of blackgram cultivars to M incognita. Peroxidase activity with 
maximum increase in T-9 followed by B-6 variety of black gram was 
stimulated by M incognita. There was a significant reduction in protein and 
chlorophyll content except in cultivars T-9 and B-6. Romabati and Dhanachand 
(2000) studied the effect of M incognita on the growth, protein and lipid 
contents of Allium porrum. Higher protein and lipid contents in shoots were 
recorded in the plants with higher inoculum levels (1000 larvae/500g soil). 
Although the protein content of the roots was higher in plants at higher 
inoculum levels, the lipid content was not significantly different at different 
inoculum levels. 
The root-knot nematode alone is quite capable of causing severe plant 
injury and reduction in crop production. It is often involved with other disease 
causing organisms. This combination frequently results in a loss that is more 
than additive, such as the breaking of resistance or the production of symptoms 
differing from those usually produced by either organism alone. The earliest 
reported association was between root-knot nematode and those organisms 
which cause vascular wilts (Atkinson, 1892). Root-knot and Fusarium wilt 
were distinct diseases of cotton, but crop damage was more severe when both 
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pathogens were present in the same field. Since then, several cases involving 
Meloidogyne and Fusarium in causing disease complexes have been described 
on various plants (Garber et al., 1979; Sindhu and Webster, 1983; Hillocks and 
Marley, 1995). A considerable number of approximately 70 described 
F.oxysporum formae speciales (Armstrong and Armstrong, 1981) are known to 
interact with nematodes; the most studied though, are F. oxysporum f sp. 
lycopersici and F. oxysporum f sp. vasinfectum, the causal agents of wilt in 
tomato and cotton, respectively. 
Fusarium wilt diseases appear to be greatly influenced by host 
predisposition from several nematode pathogens, although most of the 
complexes involve the root-knot nematode with the Fusarium wilt fungi. 
Certain vaiieties of soybean, inoculated with Fusarium fungus and Heterodera 
glycines, wilt to a greater extent than those predisposed by M incognita (Ross, 
1965). 
Nematodes other than sedentary endoparasites are also capable of 
forming disease complexes with Fusarium spp. (Powell, 1963). The sting 
nematode, Belanolaimus gracilis, is as efficient as root-knot nematodes in 
promoting wilt in cotton (Cooper and Brodie, 1963). Although cotton seedling 
emergence is not affected by sting or root-knot nematodes, damage becomes 
apparent later, among older plants exposed either to the nematode or the fungus 
(Minton and Minton, 1966). Wilt symptoms do not appear unless one of the 
nematode pathogens is present. The nematode-fungus relationship has also 
been reported in pea. The chief symptom of the "early yellowing" disease, root-
rot is dependent upon the presence of both Hoplolaimus uniformis and F. 
oxysporum f. sp. pisi race 3 (Labmyere et al., 1959). 
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Mukhtar et al. (1993) reported interaction of nematodes with 
F.moniliforme, incitant premature senescence of maize. Hoplolaimus indicus, 
Helicotylenchus dihystera and Tylenchorhynchus sp. were found in association 
with maize plants that were prematurely senescing but in pod tests, only H. 
indicus significantly increased the disease. The severity of the disease was 
increased when the nematode inoculum followed 7 days after inoculation of the 
soil with F. moniliforme. 
Vadhera et al. (1995) studied the interaction between Rotylenchulus 
reniformis and Fusarium solani causing root-rot of french bean (Phaseolus 
vulgaris). They found that the incidence of root-rot was maximum in 
simultaneous inoculation of both pathogens; the combined treatments gave 
maximum reduction in height, fresh and dry weight of root and shoot. 
Root-knot nematode (Meloidogyne sp.) forms an important relationship with 
Fusarium wilt. Root-knot nematode infection pre-disposed tomato plant to F. 
oxysporum f. sp. lycopersici that was normally avirulent in green house tests 
(Goodie and McGuere, 1967). 
Porter and Powell (1967) observed that M. incognita or M. javanica or 
M arenaria predisposed tobacco plants to the attack of F. oxysporum f. sp. 
nicotianae. However, the damage was more severe when nematode infection 
preceded the fungus by 2 to 4 weeks. The severity of Fusarium wilt in 
chrysanthemum var. 'Iceberg' was enhanced in the presence of M javanicalM. 
incognita IM. hapla (Johnson and Littrell, 1969). Noguera (1983) suggested 
that M. incognita infested tomato roots became generally susceptible to 
invasion by F. oxysporum. The inoculation with M. incognita and F. 
oxysporum on black pepper had a synergistic effect on growth retardation 
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(Sheela, 1990). She observed that the fungal infection in stem portion was more 
severe in plants prior inoculated with nematode and later with fungus than that 
in simultaneous inoculation, or fungus prior followed by nematode, 
respectively. Starr (1991) evaluated twenty one cultivors for their response to 
F. oxysporum f. sp. vasinfectum and M incognita in field microplots. He too 
noticed that mortality and disease incidence was greater in the presence of the 
nematode than when the nematode was absent. Kafagi et al (1992) inoculated 
nine strawberry cultivars with M incognita or M. Jm'anica alone or in 
combination with F. oxysporum f. sp.fragariae. Highest reduction in plant dry 
weight was observed in plants inoculated with M javanica and F. oxysporum 
simultaneously. The nematode enhanced the development and severity of wilt 
disease. Swain (1994) studied the effect of M incognita and F. oxysporum f 
sp. pallidoroseum alone or in combination on mung cv. T-9. Wilting of plants 
was more severe when inoculated with M incognita 7 days prior to F. 
oxysporum f sp. pallidoroseum, than in plants inoculated simultaneously by 
both the pathogens. Fazal (1994) studied the effect of M. incognita and F. 
oxysporum f. sp. lentis on lentil. Plant growth was significantly decreased in 
the plants inoculated with the pathogens simultaneously than in plant 
inoculated with either of any two independently. Kassab (1995) studied the 
effect of M incognita and F. oxysporum f sp. lycopersici on tomato cv. waiter, 
resistant to fungus. He observed pre-inoculation with nematodes allowed fimgi 
to readily colonize the root more extensively than the plants inoculated with 
both the pathogens simultaneously or when the fimgus preceded nematodes. 
Marley (1996) reported that wilt resistant cultivars of pigeonpea became 
susceptible to F. udum by the presence of M. incognita and M. javanica. He 
stated that this might be due to the host response modification by the nematode 
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to the fungus infection. Yen et al. (1998) found that M incognita was able to 
increase the disease incidence of watermelon Fusarium wilt. There was a 
significant increase in the fungal wilt when banana plants were inoculated with 
second-stage juveniles of M incognita in addition to F. oxysporum f sp. 
cubeme in pot experiments (Roy et al., 1998). Wilt did not appear in plants, 
which were inoculated only with nematodes. 
Synergistic and additive responses between Verticillium spp. and several 
species of plant parasitic nematodes have been reported by many workers 
(Overman and Jones, 1970; Comoy and Green, 1974; Tchatchova and Sikora, 
1983). The majority of these interactions occur with root-lesion nematodes, 
Pratylenchus spp., and potato cyst nematodes, Globodera rostochiensis and G. 
pallida. The interactions between Verticillium and Pratylenchus have been 
reported by Mckeen and Mountain (1960) on egg plant; Bergeson, (1963) on 
peppermint; Dwinell and Sinclair, (1967) on sugar maple; McKinley and 
Talboys , (1979) on strawberry; Wheeler and Reidel, (1994), Bowners et al. 
(1996), Saeed et al. (1998) on potato. Interaction between Verticillium and 
Globodera was reported by several workers like Corbett and Hide, (1971); 
Miller, (1975); Evans, (1987). 
An important relationship also occurs between root-knot nematode and 
Verticillium sp. but this relationship is not as common as root-lesion 
nematodes. Interaction between root-knot nematode and Verticillum has been 
reported by several workers (Bazan de Segura and Aguilar, 1955; Jacobsen ei 
al., 1979; MacGuidwin and Rouse, 1990). 
Members of the genus Pratylenchus, are involved in certain root-rotting 
complexes. A condition commonly known as "peach decline", is one of the 
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most serious diseases of peaches in Georgia. No definite interaction has been 
revealed in this disease but Pratylenchus along with some species of Pythium 
has been found associated with many afflicted trees (Hendrix 
et ai, 1965). Ring nematodes {Criconemoides spp.) and stunt nematodes 
(Tylenchorhynchus spp.) have also been observed in rhizosperes of affected 
trees. Rhoades and Linford (1959) showed that com developed severe root-ro: 
when Pythium arohenomanes was added alone to soil, but developed only mild 
root-rot symptoms when 125,000 Aphelenchus avenae nematodes were added 
to each 6 inches pot. A similar example has been reported with carnation wilt 
fungus and Ditylenchus sp. Santo and Holtzman (1970) working on sugarcane 
in Hawaii reported that simultaneous inoculation with P. zeae and /'. 
graminicola reduced top and root growth more than with either organism alone. 
Norton (1960) demonstrated that damping off of cotton caused by P. 
debaryanum was much greater in seedlings inoculated with the fungus in 
combination with root-knot nematode (M incognita acrita) than with ih& 
fungus alone. Apt and Koike (1962) reported interaction between M incognita 
acrita and P. graminicola on sugarcane in Hawaii and found a positiA e^ 
correlation. Brodie and Cooper (1964) studied relationship of parasitic 
nematodes to post- emergence damping off of cotton. Prolonged susceptibility 
to P. debaryanum was obtained only with a seedling grown in soil infested with 
a isolate of M incognita which reproduced on cotton. Chrysanthemum roots 
inoculated with M. incognita and P. aphanidermatum developed symptoms of 
Pythium root-rot earlier and more extensively than those of inoculated with 
fungus alone (Littrell and Johnson, 1969). Koike and Roman (1970) reported 
no increase in disease with both pathogens on sugar beet in Puerto Rico. 
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The root-knot nematodes are important in root decay complexes 
Meloidogyne incognita interacts with P. aphanidermatum and promotes root 
restriction of chrysanthemum plants (Johnson and Littrell, 1970). Nematodes 
may predispose plants to many fungal diseases. If plants were previoush/ 
invaded (three or four weeks) by M incognita, then both P. ultimum and R. 
solani were found to be capable of invading the roots and causing rapifl 
necrosis. The necrosis failed to develop in varieties resistant to root-knct 
nematode (Powell and Batten, 1967; Melendez and F'owell, 1969, 1970). 
Tomatoes respond very similarly to tobacco when exposed to M incognita and 
either R. solani or P. ultimum (Nava, 1970). Decay does not develop 
significantly when plants are inoculated with the nematode or either the fungus 
separately. Melendez and Powell (1970) carried out histopathological studies 
with the root-knot nematode Pythium complex in tobacco. Fungal penetration 
of galled and non-galled areas of nematode infected roots, as well as nematode 
free roots, have been studied from initial penetration through colonization. 
There is no appreciable invasion of roots free from nematodes. However, both 
galled and non-galled regions of roots infected by M incognita are readily 
invaded by P. ultimum and colonization is virtually complete only after six 
days. 
Powell et a/. (1971) reported disease complexes in tobacco involving M 
incognita and species of soil inhabiting fungi Pythium, Curvularia, Botrytis, 
Aspergillus, Penicillium and Trichoderma. Necrosis was especially severe in 
treatments in which nematodes preceded the fungi by several weeks. None of 
the fungi induced disease unless M. incognita was present. Garcia and Mitchell 
(1975) reported synergistic interaction of P. myriotylum with Fusarium solani 
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and M arenaria in pod rot of peanut. They found that peanut pod rot was more 
severe when pods were exposed to soil containing combinations of 
P. myriotylum and Fusarium solani or M. arenaria than when pods were 
exposed to P. myriotylum alone. James and James (1977) reported earl/ 
development of P. polymorphon on celery roots infected by M. hapla. Root 
galls were colonized by the fungus 24 h after inoculation, but invasion of M. 
hapla free roots was not noted until 48 h. A greater percentage of galled than of 
non galled root segments was colonized at 72 h. After ingress, P. polymorphcn 
colonized both galled and non galled root segments at apparently similar rates. 
The fungus seemed to invade non galled portions of galled roots from infected 
galls. Pythium aphanidermatum and Rhizoctonia solani were both found to 
interact with M. incognita on chilli, causing extensive damage to them (Hasan, 
1985). Rotting of ginger roots by P. myriotylum was equally severe in tiie 
presence or absence of M incognita but the presence of fungus decreased 
nematode reproduction (Lanjewar and Shukla, 1985). 
Anwar and Alam (1998) studied the influence of M incognita infection 
on incidence of P. aphanidermatum in tomato cv. Pusa Ruby. They found that 
sequential inoculation of both pathogens irrespective of time interval caused 
the greater reduction in plant growth. The maximum reduction in plant length 
and weight was recorded when M incognita and P. aphanidermatum were 
inoculated simultaneously. 
Pollution is an undesirable change in the physical, chemical or 
biological characteristics of our air, land and water that may or will harmfiiUy 
affect human life or that of desirable species, our industrial processes, living 
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conditions and cultural assets; or that may or will waste or deteriorate our raw 
material resources (Odum, 1996). 
The pollutants, called particulate air pollutants, are a conglomerate of 
chemically heterogeneous substances. The major particulate air pollutants aie 
coal dust, fly ash, lime dust, cement dust including any particulate matter 
released from various metals processing units. The important sources of 
particulate are production of coal, cement, combustion of coal, gasoline and 
fuel oil; lime kiln operations; transportation and constructions etc. 
The concentration of particulate air pollutants ranges from 40 to 44% in 
India (Das, 1986). The particulate matters settle on aerial plant parts and cause 
damage to them. Singh and Rao (1981) suggested a lineai- relationship between 
cement dust pollutants dose and transpiration rates, chlorophyll contents and 
productivity of crop plants. Chlorosis, necrosis and death of the affected tissues 
are consequences of the heavy depositions of particulate air pollutants. 
Particulate deposition causes an increase in leaf temperature, rate of 
transpiration and decrease in rate of photosynthesis (Darley, 1966; Fluckiger ct 
al., 1978; Vora and Bhatnagar, 1997). Heck et al. (1970) noticed that high 
particulate emission from different sources caused the reduction in the quality 
of the vegetables and the fruits growing in close proximity of the source. The 
percentage of occluded stomata of conifers increased with decrease in distance 
from the source of dust particle emission (Durasovic and Tatjana, 1997). 
Fly ash a black solid particulate matter is produced in huge quantities 
(about 15-30%) during coal burning in power generating plants. The fly ash, 
emitted from the coal-based thermal power plants is conveyed to large pits 
specially prepared for this purpose, or stacked in the from of mounds. From 
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these repositories it spreads to the surrounding areas and alters the physical and 
the chemical characteristics of the soil. It also affects vegetation depending 
upon the extent of deposition. 
Due to rapidly rising land fill cost and due to additional nutrient benefits 
in agriculture, Scandinavian countries utilize ashes only in long term 
productivity of some forestland. In India, majority of the power generating 
plants, are coal-based consuming nearly two third of total coal produced (Khan 
and Khan, 1991). 
Fly ash addition can improve the nutrient status of soil and neutralize 
soil acidity to a level suitable for agriculture, depending upon the initial pH of 
the soil (Moliner and Street, 1982). Scanlon and Duggan (1979) showed that 
tree and shrub seedlings grew well in fly ash amended soil. Mishra and Shukla 
(1986) treated plants of maize {Zea mays L.) and soybean (Glycine max L.) by 
dusting with fly ash, obtained from coal fired electric generating plants. At low 
rates both the crops showed an increase in plant height, dry weight, metabolic 
rate and photosynthetic pigments. The dusting at higher rates, however, caused 
reduction in photosynthetic pigment content and dry matter production. Wong 
and Wong (1989) reported that seed germination and growth of Brassica 
parachinensis was enhanced in sandy soil amended with 3 to 6% fly ash. But ai 
higher concentrations of fly ash i.e. on 12 and 30% amended sandy soil, seed 
germination was significantly reduced. Plant length, first leaves shoots and 
cotyledons were longer at 3% fly ash level but reduced at 12 and 30% fly ash 
level. Wong and Su (1997) found improved seedling emergence and dry weight 
oiAgropyron elongatum due to the addition of fly ash in the soil. Karpate and 
Choudhary (1997) reported the effect of fly ash and fly ash water on the growtji 
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of Triticum aestivum var. Kalyan Sona. Plants irrigated with fly ash water or 
grown in fly ash amended soil, showed improved growth at lower 
concentrations (25 and 50%) of fly ash water and fly ash. However at higher 
concentrations (75 and 100%), the treatments showed deleterious effect. 
Application of fly ash in agriculture land is not conunon in most 
countries because, high fly ash concentration depresses plant growth and 
causes a deterioration in soil properties (Hodgson and Holliday, 1966; Adriano 
et al, 1980). There are numerous reports which show that dusts of various 
origin interfere with stomatal functioning, mostly by filling and clogging the 
stomatal aperture (Ricks and Williams, 1974; Fluckiger et ai, 1978) increased 
leaf temperature and transpiration (Beasley 1942; Eveling, 1969; Eller, 1977; 
Fluckiger et al, 1978), reduced photosynthesis (Darley, 1966) and increased 
uptake of gaseous air pollutants (Ricks and Williams, 1974). All these effects 
cause poor growth of the plants. The effects of particulate air pollutants on 
vegetation have been observed by many workers (Thomas et ai, 1952; 
Middleton et al., 1958; Pack et al., 1959; Schuck and Locke, 1970; Shimson et 
al., 1975). Mulchi and Armbruster (1981) have reported harmful effects of 
saline aerosol deposition on field grown maize and soybean. 
Wong and Wong (1986) added fly ash to the sandy and sandy loam soil 
to study its effect on microbial respiration. They found that microbial 
respiration was reduced with increased fly ash level in the sandy soil, whereas 
in the sandy loam a significant depression was recorded at the highest fly ash 
level. Singh (1989) reported inhibition in seed germination and post-emergence 
mortality in seedlings of chickpea and lentil in fly ash amended soils. 
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Inhibitory effects on seed germination were greater for chickpea but post-
emergence mortality was greater for lentil. 
Pasha (1990) studied the effect of fly ash amended soil on the plant 
growth of cucumber. Best growth of cucumber plant was seen in 10% and 25% 
of fly ash. At higher levels (50-100%) fly ash became toxic to plants and 
suppressed plant growth and chlorophyll content of leaves. Sunflower 
(Helianthus annus L.) plants treated with 1, 1.5 and 2kg fly ash m" exhibited 
improved growth (Pandey et al., 1994). Relative Growth Rate (RGR) and Net 
Assimilation Rate (NAR) increased by over 20% at low fly ash application 
rate. Leaf area of the treated plants also increased. Ghuman et al. (1994) 
studied the feasibility of the application of fly ash compost mixture to soils for 
the availability and uptake of various elements by com {Zea mays L.). The crop 
was grown in soil alone, soil amended with 15% compost, and soil amended 
with 2, 5, 10, 15, 20 and 25% of fly ash amended compost. It was observed that 
20-25% fly ash and compost soil ratio treatments generally increased plant 
growth and the yield. Singh et al. (1995) reported the growth response in Beta 
vulgaris, raised in fly ash amended soil. Three different amounts of fly ash (2,4 
and 8% w/w) were mixed with soil in plots. The results revealed that fly ash 
application particularly in higher amounts (4 and 8%w/w) increased the pH and 
conductivity of the soils to undesirable levels. However, the application of low 
amoimt favoured plant growth and improved yield. Srivastava et al. (1995) 
studied the effect of fly ash amended soil on growth and photosynthetic 
pigments of Lactuca sativa L. At 10% fly ash level there was marked increase 
in plant growth while 20% and 30% treated plants showed retarded growth in 
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comparison to control. Similar trend in increase and decrease in pigment 
formation was also observed. 
Fly ash treatment at the rate of 30, 40 and 50mg/ha increased the bean 
dry matter yield over control by 49, 57 and 64% respectively (Krejsl et al., 
1996). Tripathy and Sahu (1997) studied the effect of the Talcher Thermal 
Power station fly ash on the growth and yield of wheat. They found that at 50% 
fly ash level, there was an increase in seedling height, plant height, girth, leaf 
number, leaf area, spike length, dry weight etc. Tripathy and Tripathy (1998) 
studied impact of fly ash, light and shade environments on growth and 
chemical responses of Albizzia procera and Acacia nilotica. They noticed that 
fly ash favoured the growth of Albizzia procera and Acacia nilotica at lower 
(10%) concentrations. However, higher concentrations (30 %) had adverse 
effects. 
Utilizable plant nutrients have been found in fly ash, which enrich the 
soil with macro-and micro-nutrients (Druzina et al., 1983). Fly ash neutralizes 
pH of acidic soil upto some extent and increases ion exchange capacity, water 
holding capacity and porosity (Jones and Straughan 1978; Adriano et al., 1980; 
Elseewi et al., 1981). The adverse effect of fly ash at higher concentrations 
may also be due to toxic effects of the dibenzofiiran and dibenzo-p-dioxin 
mixture and heavy metals found in fly ash (Kamath, 1979; Helder et al., 1982; 
Mishra and Shukla, 1986; Wong and Wong, 1986). Recently Singh (1993) and 
Singh et al. (1994) reported that soybean plants, grovm in 25% and 50% fly 
ash, showed significant improvement in plant growth, yield, leaf pigment and 
oil content of seeds. Further increase in fly ash level caused suppression of 
these parameters. Khan and Khan (1996) observed that fly ash was beneficial 
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for the cultivation of vegetables like tomato. Its application at 40% increased 
the yield of tomato by 81%. Fly ash was beneficial for tomato upto 60 and 80% 
above which it had a deleterious effect. Kalra et al. (1998) reported fly ash as a 
soil conditioner and fertilizer. Field experiments were conducted in Uttar 
Pradesh and New Delhi to evaluate the effects of fly ash incorporation (upto 50 
t/ha) on soil properties and the growth and yield of wheat, mustard, rice and 
maize. The grain yield of maize increased in fly ash-treated plots with the 
addition of ash upto a maximum addition of 10 t/ha. The yield of wheat 
increased upto an addition of ash of 20 t/ha and declined thereafter, but was 
still higher than the yield when no fly ash was added. Rice yield, when 10 t/ha 
of ash was added, was similar to that with no fly ash, whereas mustard showed 
improvement in seed yield with fly ash addition at 10 t/ha. Bharti et al. (2000) 
studied the effect of fly ash on yield, uptake of nutrients and quality of green 
gram grown on vertisol. The results showed that the highest yield of grain and 
straw along with highest content and uptake of nutrients were recorded with the 
increasing levels of fly ash upto 10 t/ha. The highest contents of crude protein 
and test weights were recorded at the same level of fly ash. 
Despite many effects of land application of fly ash, little information has 
been available on the effect of fly ash on soil microbial activity (Adriano et al., 
1980). Singh (1993) observed that higher concentration of fly ash suppressed 
the growth and development of root nodule bacteria {Bradyrhizobium 
japonicum) and root-knot nematode (Meloidogyne javanica). The responses of 
fly ash on galling and egg mass production by M. incognita and M. javanica 
on chick pea and lentil was observed by Singh (1989). Chick pea and lentil 
showed suppressed growth and yield in presence of nematode and fly ash in 
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comparison to uninoculated fly ash treated plants. Khan (1989) found that fly 
ash at 10-40% increased the root penetration of the juveniles and root-knot 
disease intensity on tomato, whereas from 40% onwards, root penetration and 
reproduction of M incognita race was gradually inhibited and disease intensity 
was also reduced. Nitrogen deficiency is reported to decline the rate of 
development of M javanica on tomato (Davide and Triantaphyllou, 1967). 
Decrease in soil population of M javanica at 10-100% fly ash was reported by 
Pasha et al. (1990). Singh (1993) and Singh et al. (1994) observed suppression 
in morphometries of M. javanica females and egg mass production. Egg mass 
production and fecundity were gradually decreased with the increase in fly ash 
level. 
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SECTION-I 
Experiment No. 1 
Origin of giant cell, development of galls and abnormalities in the 
vascular elements of galled roots of Lagenaria leucantha infected with 
Meloidogyne incognita 
The root cells of different plants respond quickly and characteristically 
towards the juveniles oiMeloidogyne incognita. The second-stage juveniles of 
Meloidogyne spp. penetrate the young roots and move intercellularly towards 
the region of vascular differentiation where they induce the formation of giant 
cells (Endo and Wergin, 1973; Jones and Payne, 1978). The giant cells are 
generally transformed from undifferentiated vessel elements or from xylem 
parenchyma (Christie, 1936; Hodges and Taylor, 1966) or from provascular 
strand (Krusberg and Nielsen, 1958; Littrell, 1966). They have also been 
reported to arise from protophloem cells (Byrne et al., 1977). 
In addition to giant cell formation, the root-knot nematodes also cause 
hypertrophy and hyperplasia in the cells adjacent to the giant cells that lead to 
the formation of the galls. In tomato roots, gall formation was observed even 
when the juveniles of Meloidogyne were outside the roots (Schuster and 
Sullivan, 1960). Meloidogyne infections accompany cortical and stelar 
proliferations (Davis and Jenkins, 1960) hypertrophy and hyperplasia in the 
cortex, pericycle and the stele of the roots (Ibrahim and Massoud, 1974). 
The present work was carried out to examine: (i) fonnation of the galls 
on the roots of Lagenaria leucantha, (ii) formation of the giant cells, (iii) 
abnormalities in the vascular elements in the galled roots and their relationship 
with the giant cell. 
Materials and Methods 
Raising the Test Plant: (A) Axenization of Seeds: The seeds of 
L. leucantha were axenized by NaOCl method (Koenning and Barker, 1985). 
About 250 seeds were poured into a 500 ml sterilized beaker filled with 1:1 
mixture of 95% ethanol and 5.25% NaOCl. The mixture was stirred gently and 
the seeds were allowed to soak for about 8-10 minutes. The mixture was 
drained off and the seeds were rinsed with sterilized distilled water. 
(B) Seed Germination and Transplantation of Seedlings: About 10-12 
axenized seeds were placed on a moist sterilized filter paper kept in a sterilized 
petridish. The seeds were allowed to germinate for three days. Three 
germinated seeds were then transferred to clay pots of 30 cm diameter filled 
with steam sterilized soil (7 clay: 3 sand : 1 farmyard manure). The seedlings 
were thinned to one seedling per pot, before inoculation. 
Collection and Maintenance of Meloidogyne Culture: A single egg 
mass obtained from M incognita infected egg plants was axenized by placing it 
in 0.5% NaOCl solution for five minutes. It was washed thrice and allowed to 
hatch at 27°C in an incubator. The egg plant seedlings were then inoculated 
with freshly hatched juveniles. In order to maintain sufficient inoculum level 
throughout the course of investigation, new egg plants were inoculated with at 
least 15 egg masses obtained from the pure culture. 
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Inoculation: The egg masses hand picked from the galled roots of egg plants, 
were allowed to hatch. The freshly hatched second- stage juveniles were 
collected in sterilized distilled water and their number was estimated with the 
help of counting dish. 
When the seedlings became one week old, holes of 5-7 cm depth around 
the plant within a radius of 2 cm were made. Through these holes second-stage 
juveniles (2000 J2 per pot) were introduced with the help of sterilized pipette. 
The holes were then plugged with sterilized soil. To maintain soil moisture in 
the pot, regular watering was done. Each treatment was replicated five times 
and pots were arranged in randomized complete block design. Uninoculated 
plants served as control. 
Harvesting: Five seedlings, one seedling from each pot, were harvested 24 
h, 72 h, 9 days, 15 days, 21 days and 27 days after inoculation. The roots were 
washed thoroughly and gently to remove soil particles. The galled roots were 
then cut into one cm long pieces and processed for histopathological studies. 
Processing for Histopathological Studies 
(i) Fixation : The pieces of galled roots and healthy roots were immersed in u 
fixative of formalin aceto alcohol, prepared by mixing 90 ml of 50% ethanol, 5 
ml of glacial acetic acid and 5 ml of 37% formaldehyde (Johansen, 1940). 
Depending upon the thickness, the galled roots were kept in the fixative for a 
minimum of 24 h to several days. 
(ii) Dehydration : The galled and the healthy roots were dehydrated througli 
tertiary butyl alcohol (T.B.A.) schedule as given by Johansen (1940) Table-1. 
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(iii) Infiltration : After dehydration, paraffin was introduced into the rool 
tissue. The tissue was transferred to a mixture of 100% paraffin oil and tertiary 
butyl alcohol (T.B.A.) in the ratio of 1:1. It was kept atleast for one hour. 
Another container was 3/4* filled with melted wax and allowed to solidify. The 
tissue was placed on wax and filled with T.B.A. and paraffin oil mixture from 
the top. It was kept in an incubator at about 65°C for three hours. After three 
hours the mixture was poured off and replaced with pure melted wax. The 
container was kept at the same temperature for three hours. This step was 
repeated twice. 
(iv) Embedding : For embedding , molds were prepared from thick paper by 
folding it. The molds were first coated with thin layer of glycerine and then 
melted paraffin was poured on the bottom of the mold. The root pieces were 
then kept on it with the help of heated forceps. More wax was added when the 
wax around the tissue solidified. The molds were kept as such till the wax 
solidified. After hardening, the whole block was cut uito small pieces 
according to the position of the root tissue. 
(v) Sectioning : The small blocks of wax having root tissue were trimmed to 
remove extra wax. The wax blocks were mounted on the wooden blocks and 
then fixed in rotary microtome. With the help of rotary microtome, 10-12 i^m 
thick transverse and longitudinal sections were obtained in the form of a 
ribbon. 
(vi) Ribbon Mounting : The ribbon was cut into small pieces according to 
the length of the slides. Surface of the slide was coated with Haupt's adhesive 
(Johansen, 1940). Ribbon was then placed on the slide and flooded with freshly 
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prepared 2-3% formalin solution. These slides were then kept in an incubator a1 
40°C for 6-8 hrs and then stored in slide boxes. 
(vii) Staining : The sections were stained with safranin and fast green after 
removing paraffin wax by the method described by Sass (1951) (Table-2). 
After staining, Canada balsam was applied on the slide and cover slip was 
lowered gradually over the slide. Prepared slides were left at room temperature; 
for at least 24 h and then kept in an incubator at 60°C. These slides were then 
examined under the light microscope. 
A. Giant cells 
RESULTS 
24 h After Inoculation: Figure 1 shows the normal section of the root tip of 
Lagenaria leucantha. The second stage juveniles of Meloidogyne incognita 
penetrated the young root tips of L. leucantha just behind the root cap. After 
penetration, the larvae migrated towards the zone of differentiation of root tip. 
The juveniles penetrating at the root apex made a small hole and moved 
through it (Figs. 2 and 3). 
The juveniles entering behind the root cap caused injury to the epidermis 
and cortex. Few cells near the nematode body were large and enclosed large 
nuclei. In the zone of vascular differentiation, the juveniles caused hypertrophy 
(Fig. 4). The hypertrophied cells contained two to four large nuclei. 
72 h After Inoculation: At this stage formation of the giant cells takes place. 
The cells in the provascular region, around the nematode head and body 
showed hypertrophy (Figs. 7,8,9,11 and 12). The cells in the provascular region 
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transformed into giant cell, which contained dense, granular and deeply stained 
cytoplasm. The nucleus enclosed large nucleolus (Fig. 7). In some roots, the 
nematodes entered in the zone of differentiation and caused the formation of 
giant cells near the differentiating vessel elements (Fig. 10). The nematodes, 
induced hypertrophy in the differentiating phloem elements adjacent to the 
vessel elements (Fig. 11 and 12). 
9 days After Inoculation: The size of the giant cells increased, nine days 
after inoculation. The cytoplasm of the giant cell became extremely dense and 
granular (Figs. 13 and 14). The giant cell cytoplasm some times becomes so 
much dense that it is difficult to locate nuclei (Fig. 14). Dark staining of 
nucleoli was commonly observed (Figs. 14, 15 and 16). In all the giant cells, 
the nuclei were found surrounded by dense cytoplasm. Because of large size of 
the nucleus it is very difficult to count the number of nuclei at this stage. Very 
small to large and heavily stained nucleoli were quite prominent in the nuclei 
of giant cells (Fig. 16). The nuclei and the cytoplasm were concentrated around 
a large vacuole. Some nematodes induced giant cells in cortical parenchyma 
(Fig. 17). The shapes of the nuclei were globose, ovoid, elongate, triangular 
and even amoeboid. Some giant cells showed synchronous nuclear division. 
Several developing nematodes were observed at this stage (Fig. 15). 
15 days After Inoculation: The cytoplasm of the giant cells became more 
dense and granular. The cell wall became more thick and vacuolated. The 
number of nuclei per giant cell declined and the number of nucleoli varied 
from 1-8 in the nucleus. The size of the nuclei was found to be increased. The 
shapes of the nuclei became more irregular. Amoeboid shapes of nuclei were 
more common. The shapes of the nucleoli also varied (Figs. 18 and 19). The 
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developing nematodes were observed near the giant cells (Figs. 24 and 25). 
Deeply stained nucleoli were quite prominent in the nuclei of the giant cell. 
With the help of a series of sections of a gall, the number of nuclei wen; 
counted and it was found that a giant cell containaflO nuclei and about 6(i 
nucleoli (Fig. 18). A giant cell complex consists of 4-8 giant cells, which are 
induced by a single developing nematode (Figs. 18,19,22 and 23). The giani: 
cell cytoplasm was very dense and the nuclei were heavily stained near the 
nematode head (Figs. 20 and 26). Nematodes in the cortex were observed (Fig 
21). Continuity of normal xylem and phloem strands was found to be disturbed 
(Fig. 27). Most of the giant cells were found to be surrounded by abnormal 
xylem (Figs. 24,25, and 27). The shape of developing nematode changed to 
pyriform (Fig. 28). 
21 Days After Inoculation: There was no further increase in the size of the 
giant cell, 21 days after inoculation. Cell wall became more thick in most of the 
giant cells. The giant cell showed vacuolation and reduction in the number of 
nuclei, invariably. Towards the periphery, the giant cells were showing empty 
spaces (Fig. 29). The number of nuclei reduced to about 5. The nuclei were 
generally amoeboid in shapes and each carried about ten nucleoli of various 
shapes and sizes (Fig. 30). 
Increased vacuolation and decreased cytoplasmic contents were 
observed in the giant cells, 21 days after inoculation (Fig. 30). The number of 
nuclei decreased in the giant cells but the number of nucleolus like bodies 
increased inside the nematode body. Most of the nematode completing their 
fourth moult and metamorphosing to adult females were found (Fig. 29). 
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27 Days After Inoculation: There were no prominent changes in structure 
and composition of giant cell, after 27 days of inoculation. The contents of the 
giant cell were removed by the nematode (Fig. 31). The nematodes were found 
associated with egg sacs and egg masses (Figs. 32 and 33). A few giant cells 
were changing into vessel like elements, 27 days after inoculation (Fig. 32). 
Some parenchyma cells transforming into vessel like elements were observed 
(Fig. 34). In some sections second-stage juveniles were observed near the giant 
cell complexes, 27 days after inoculation (Fig. 35). 
DISCUSSION 
Second-stage juveniles of Meloidogyne incognita penetrated the roots of 
Lagenaria lencantha at or just behind the root cap. Further migration was 
intercellular and no cellular damage occurred throughout the path. The passage 
formed at the tip and the occurrence of the compressed cells along the body 
length indicated, intercellular migration of the juveniles. Penetration of the 
juveniles of root-knot nematodes close to the root tip and other regions of roots 
in tomato (Christie, 1936), anywhere from the root tip back to the region of hair 
formation in sweet potato (Krusberg and Nielsen, 1958), and in the region of 
cell differentiation and elongation in wheat (Siddiqui and Taylor, 1970) 
supported this view. The observations regarding the penetration sites of the 
juveniles are similar to earlier findings. Inter-and intracellular migration of 
juveniles inside the root tissues after penetration was proposed by Nemec 
(1910), Christie (1936), Krusberg and Nielsen (1958) and Siddiqui and Taylor 
(1970) were of the opinion of both inter- and intra cellular migrations . 
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Later studies, however, have confirmed that juveniles of root-knot 
nematodes migrate intercellularly by separating the cell walls along the middle 
lamella (Endo and Wergin, 1973; Jones and Payne, 1978). The present 
observation on migration of the juveniles of M incognita in the roots of L 
leucantha supported the later view. 
After penetration, the immediate response of the inner tissue to the 
nematode was the enlargement of the cells. The cells along with their nuclei 
and nucleoli were hypertrophied near the head and along the body of 
M incognita. Enlargement and fi^agmentation of the nucleoli in the affected 
cells had occurred. Nucleolus plays an important role in the formation of 
ribosomes which are involved in protein synthesis in the cell cytosol. The 
nucleoli, in actively protein synthesizing cells, become large than in inactive 
cells (Johnson and Johnson, 1986). In addition to hypertrophy, the affected 
cells exhibited nuclear divisions without cell wall formation. Occurrence of 5-6 
giant cells, 72h after inoculation, indicated that host parasite relationship has 
been established during this period. The giant cell possessed upto eight nuclei 
and each nucleus contained one or more nucleoli. Jones and Payne (1978) had 
observed giant cell formation by M incognita in the roots of Impatiens 
balsamina, 48 h after inoculation. Siddiqui and Taylor (1970) noticed giant cell 
formation by M naasi in wheat roots four days after inoculation. 
Multinucleate condition of the giant cell arising from repeated mitoses 
without cytokinesis was proposed by Huang and Maggenti (1969a). The two 
nuclei of young giant cell undergo rapid, synchronous divisions without 
subsequent cytokinesis and upto eight nuclei can be found within 72h of 
nematode inoculation infected nuclear divisions within the same giant cell have 
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been reported by many other workers (Krusberg and Nielsen, 1958; Bird, 1961; 
Owens and Specht, 1964; Smith and Mai 1965; Pasha et al., 1987). The present 
observations substantiate this mode of giant cell development. 
After 72 h of inoculation, increase in number and size of nuclei and their 
change in shape fi^om globular to amoeboid with an increase in granulation and 
denseness of cytoplasm indicated an immense metabolic activity of the 
growing giant cells. 
Surface area of the nuclei tremendously increased and the nuclei 
assumed amoeboid shapes having irregular lobes (Huang and Maggenti, 
1969a). In developing giant cells, cell organelles became abundant (Jones and 
Northcote, 1972; Jones and Dropkin, 1976; Jones and Gunning, 1976; Jones 
and Payne, 1978). Extremely dense cytoplasm, large number of nuclei and 
nucleoli were observed after 9th day of inoculation in the giant cell. This 
indicated increased cellular metabolic activities. 
After 15 days of inoculation, the giant cells appeared vacuolated and the 
cytoplasm took light stain. It was probably due to increased feeding activity of 
the nematode. Root-knot nematode consumes cytoplasm of the giant cell. 
Increase in vacuolation, emptying of small giant cells and decrease in number 
of nuclei of all the giant cells fiirther supported that increased nematode 
feeding that resulted in intracellular changes. Cytoplasmic deterioration 
possibly occurred due to consumption of nuclear materials by the nematodes. 
According to Bird and Loveys (1975) and McClure (1977), the 
developing Meloidogyne female acts as metabolic sink in infected plants, and 
that is why photosynthates are mobilized from shoots to roots particularly to 
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the giant cells. Though, Meon et al. (1978) reported that mobilization and 
accumulation of these substances reach to maximum when the adult females 
commence egg laying and these decline there-after. The present study showed 
that removal of cytoplasmic material from the giant cell by the nematode 
surpasses its synthesis and accumulation at the time of egg deposition. 
When the nematode stopped feeding or died, the giant cells collapsed 
(Krusberg and Nielsen, 1958). Our study reveals that the giant cells do not 
collapse but change into abnormal vessel elements. This transformation might 
provide strength to the affected tissues and to prevent collapsing of galled 
tissues. 
Thus, the juveniles of Meloidogyne penetrated at or behind the root tips 
of Lagenaria leucantha and migrated intercellularly, in the inner tissue, by 
separating the cell walls. The giant cells were induced in the region of 
undifferentiated phloem within 72 h of inoculation. Maximum number of 
nuclei and highly dense cytoplasm was noticed 9 days after inoculation. 
Decrease in number of nuclei and increase in vacuolation was found 15 days 
after inoculation. Smaller giant cell became empty and changed into vessel like 
elements by the deposition of lignified secondary wall material. Larger giant 
cell with little or no cytoplasm also transformed into abnormal vessel elements, 
27 days after inoculation. 
B. Gall 
Root-knot nematode after penetration into the inner-tissue stimulates 
gall formation. Gall formation in the tomato root was observed even when the 
juveniles were outside the roots (Schuster and Sullivan, 1960). Hypertrophy, 
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hyperplasia in the cortex, pericycle and stele leading to gall formation in 
soybean roots were observed (Davis and Jenkins, 1960; Ibrahim and Massoud, 
1974). 
The present work carried out the histological changes leading to gall 
formation in Lagenaria roots, after root-knot infection and to compare with 
earlier findings. 
RESULTS 
24 h After Inoculation: The second-stage juveniles after penetrating near the 
root tip region migrated to the region of vascular differentiation. The cell 
around the nematode head became hypertrophied. The enlarged cell enclosed 
one, two or four hypertrophied nuclei (Fig. 4). Each nucleus was associated 
with a large nucleolus (Fig. 11 and 12). 
72 h After Inoculation: The average size of the gall width increased to 0.52 
|iin, 72 h after inoculation, while the width of the normal root was 0.22)im. The 
average size of the giant cell was 210x57iim and the largest giant cell 
measured 314x81^m. The width of the endodermal cells was 63.0jim, in the 
galled roots. However the width of endodermal cell was 27. Ijmi in normal 
roots. Average diameter of the xylem and cortical parenchyma ranged between 
31.2 to 21.5^un, respectively. Average diameter of the normal parenchyma was 
12.7(im. Number of xylem and phloem parenchyma cells also increased 
Average width of the vessel elements near the giant cell was 65.0^m, but in 
normal roots it was 28.9^un (Figs. 9 and 10). 
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9 Days After Inoculation: The average width of galled root measured 
1.5)ini, 9 days after inoculation, and the normal root measured 0.38|im in 
diameter. The maximum size of the giant cell was measured 387x148 (j,m with 
average of 243x77(im. Average diameter of the xylem and cortical parenchyma 
cells were 49.0 and 39.0(im, respectively. There was not any remarkable 
increase in width of vessel elements. The width of the nematode increased 
rapidly and reached to 41.8|jim (Figs. 13 and 17). 
15 Days After Inoculation: Average width of the gall was 1.85 mm 
diameter, 15 days after inoculation. The largest giant cell measured 
538x204(j,m width where as the average giant cell measured 292xl04jim. 
There was no fiirther increase in the diameters of xylem and cortical 
parenchyma. The average width of the nematode was 84.4|am (Figs. 23, 24 and 
25). 
21 and 27 Days After Inoculation: The gall measured 3.2 and 4.9|im, after 
21 and 27 days of inoculation. The nematode became pyriform and attained its 
maximum width of 634.0|im, after 27 days of inoculation. Egg masses 
associated with females were observed, after 27 days of inoculation. Cambial 
cells and preformed giant cells were found attacked by newly hatched second-
stage juveniles. Hypertrophic and hyperplastic reactions, as a result of 
secondary infection, were repeated (Figs. 34 and 35). 
DISCUSSION 
Galling, one of the earliest host responses of root-knot nematode 
infection, results from hyperplastic and hypertrophic reactions taking place 
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simultaneously. Galls are induced when Meloidogyne juveniles enter the root 
(Christie, 1936), but they may be induced without the entry of the juveniles 
(Schuster and Sullivan, 1960). According to Schuster and Sullivan (1960), M 
incognita panetrates its stylet and secretes certain material that stimulate host 
tissue to form galls. This study shows that the gall formation was induced when 
the juvenile reached to the region of vascular differentiation. Hypertrophied 
cells near the head and along the body length of the nematode, within 24 h of 
inoculation; supported the view of Schuster and Sullivan (1960). 
In early stages of galling, hypertrophic and hyperplastic reactions 
appeared to be responsible for the gall formation in infected roots. The size of 
the giant cells, as a result of hypertrophy, was increased more than ten times 
than a normal cell. Presence of smaller cells near the giant cells indicates a 
simultaneous hyperplastic reaction in neighbouring parenchyma in addition to 
giant cell formation and hyperplasia of neighbouring parenchyma cell. 
Hyperplasia of phloem parenchyma was also found contributing to root galling, 
within 72 h of inoculation. Vessel element dilation, near the giant cells, seems 
to be a hypertrophic response of root-knot nematode infection. Jones and Payne 
(1978) also observed giant cell and hyperplastic parenchymatous tissue within 
48h of inoculation. This study is in confirmation of Jones and Payne (1978). 
After 72h of inoculation the xylem and phloem parenchyma cells divided 
actively. The main contributing factor to the gall formation was either 
hypertrophy or hyperplasia or both. All types of cells including vessel 
elements, xylem and cortical parenchyma and also endodermal cells 
contributed in gall formation. Hypertrophy of giant cells was found until 15th 
day of inoculation. Vessel element width was found to be increased upto 15 
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days, and number of xylem and phloem parenchyma was increased upto 9 days 
of inoculation. Thus, hyperplastic and hypertrophic reactions of different types 
of cells, in the affected region, led to the formation of galls until 15th day of 
inoculation. 
The size of the nematode increased slowly upto 15 days after 
inoculation, but it increased rapidly after 15 days. Increase in gall size, after 15 
days of inoculation was due to nematode development into adult female. The 
adult female attained its maximum size after 21 days of inoculation. Production 
of egg masses by the adult females fiirther contributed in increasing the gall 
size. 
Secondary infection was noticed after 27 days of inoculation. The egg 
masses of all the females were not expelled out of the plant tissue. Some egg 
masses remained inside. Eggs of these egg masses hatched and the second 
stage juveniles, traversing intercellularly through cortical cells, reached tlie 
cambial zone and caused secondary infection. Repetition of hypertrophic and 
hyperplastic reactions, due to secondary infection, caused a rapid increase in 
gall size. Some fi"eshly hatched second - stage juveniles were found associated 
with preformed giant cells. These juveniles, instead of inducing new giant cells, 
started feeding on old giant cells. Hypertrophic and hyperplastic reactions were 
accompanied with such type of feeding. 
Gall formation due to (i) production of giant cell (ii) hyperplasia of 
pericycle and xylem parenchyma, (iii) hypertrophy of cortex, pericycle, xylem 
parenchyma and metaxylem (iv) enlargement of the nematode body and (v) 
production of egg masses has been reported by Several workers (Cl-iristie, 
1936; Dropkin, 1954; Krusberg and Nielsen, 1958; Davis and Jenkins, 1960; 
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Dropkin and Nelson, 1960; Bird, 1961, 1962; Owens and Specht, 1964; 
Hodges and Taylor, 1966; Siddiqui and Taylor, 1970; Siddiqui, 1971a; Orr and 
Morey, 1978; Jones and Payne, 1978; Hisamuddin, 1992). From this study it 
may be concluded that gall formation is also influenced by hyperplasia and 
hypertrophy of phloem elements, in addition to other factors listed above. 
Rapid increase in gall size, after 27 days of inoculation, results fi-om secondary 
infection. 
C. Vascular elements 
Meloidogyne spp. infection results in disruption of both xylem and 
phloem strands. Christie (1936) reported that xylem often fail to develop at 
infection site, and that short irregular, unorganised xylem elements often 
formed from parenchyma cells in older galls. Abnormal vessel elements of 
irregular shapes and sizes are derived from xylem parenchyma (Christie, 1936; 
Davis and Jenkins, 1960; Siddiqui and Taylor, 1970). In young roots initial 
infection was observed in primary phloem and in older roots, in secondary 
phloem or ray tissue (Swamy and Krishnamurthy, 1971). They also reported 
that fimctional pliloem, after infection was destroyed and secondary phloem 
was not differentiated. Siddiqui and Ghouse (1975), on the other hand, 
observed differentiation of secondary phloem which differed from normal 
phloem. Byrne et al. (1977) reported that primary phloem or adjacent 
parenchyma to be the initial target of M /wcogw/to juveniles. The present work 
was carried out (i) to observe abnormalities in orientation, structure and origin 
of vessel and phloem elements after M incognita infection in L. leucantha 
roots (ii) to investigate any link between giant cell and the phloem and ini) to 
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find out whether xylem and phloem elements are disrupted in L leucantha 
roots after the infection of M incognita. 
a. Xylem 
RESULTS 
24 h After Inoculation: The second-stage juveniles of M incognita 
penetrated the young root tip of Lagenaria leucantha and migrated to the 
region of vascular differentiation. Longitudinal sections of infected root 
revealed the presence of second stage juveniles in zone of differentiation of 
vascular elements. A vessel element near the nematode body was observed. It 
had spiral thickening (Fig. 5). In another section some nematodes were located 
near the vessel elements (Fig. 6). The nematodes caused hypertrophy near 
vessel elements (Fig. 6). 
72 h After Inoculation: The length of vessel elements of metaxylem strands 
usually decreased and width gradually increased towards the giant cells. 
Vessels like elements arising from parenchyma cells were observed for the first 
time (Fig. 10). Some parenchyma cells bordering the giant cell transformed 
into vessel like elements. Secondary wall depositions of these elements were 
typically reticulate (Fig. 10 and 11). 
9 Days After Inoculation: The vessel elements near the giant cells became 
broader than longer. The xylem strands either abruptly broken or in patches 
were found near the giant cell (Fig. 13 and 14). Formation of vessel like 
elements from parenchyma cells was evidenced throughout the gall. Many 
hypertrophied parenchyma cells near or away from the giant cells were found 
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transforming into vessel like elements (Fig. 13). The transforming vessel like 
elements were having thread like secondary wall deposition. The depositionji 
were annular, spiral or reticulate, however, most of them were helical oi 
aimular or in a stage of transition towards reticulate (Fig. 13). 
15 Days After Inoculation: The number of vessel elements increased 
progressively. The parenchyma cells around the giant cell complex transformed 
into vessel elements which covered the giant cell cluster. At the same time the 
parenchyma lying in between the normal xylem strand and abnormal vessel 
elements around the giant cells also changed into vessel like elements (Fig. 19). 
21 and 27 Days After Inoculation: From 21 to 27 days of inoculation, there 
was progressive increase in the formation of vessel like elements (Fig. 34). 
However after 27 days of inoculation, some large empty or almost empty giant 
cells also transformed into vessel like elements (Fig. 30 and 31). 
DISCUSSION 
In this experiment abnormality in orientation of xylem strands was 
observed 72h after inoculation where they were pushed away from their normal 
position due to proliferation of giant cells, and due to hyperplasia and 
hypertrophy of neighbouring parenchyma cells. This abnormal orientation 
became more pronounced 9 days after inoculation when metaxylem strand was 
found traversing from one side to other in a zig-zag manner, when seen in 
longitudinal section. After 15 days of inoculation the metaxylem elements were 
also seen in the form of scattered patches. But whatever be the orientation of 
xylem strands, their continuity was always maintained throughout the gall. 
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Christie (1936) was of the opin^n that vascular str^^i^'passing around the 
giant cells were pushed out of the normal pdsWfon. Continuity of the vascular 
cylinder, however remain undisturbed. Occurrence of xylem and phloem in 
scattered patches was observed throughout the gall. Interruption in their 
continuity due to giant cell formation has also been reported (Davis and 
Jenkins, 1960; Odihirin and Jenkins, 1965). The present study supports the 
former view. 
Abnormality in the structure of vascular elements was noticed 24h after 
inoculation. The width of metaxylem elements in affected parts increased two 
times than in unaffected parts. After 72 h of inoculation, vessel length was 
decreased less than half in unaffected part. A few elements became more 
broader than longer. These abnormalities might be due to certain stimuli 
responsible for hypertrophy of different types of cells. After 9 days of 
inoculation, metaxylem elements not only shortened and proliferated but also 
deformed and assumed irregular shapes. After 15 days of inoculation some 
vessel elements were showing projections. In this way, normal vessel elements 
changed into abnormal vessel elements due to change in their structures. 
Hypertrophy in vessel elements was reported by Siddiqui and Taylor (1970). 
This study supports the view of hypertrophy of vascular strands. 
Abnormality in xylem strands due to origin, fi-om cells other than 
procambium was evidenced 72 h after inoculation. These were enclosing nuclei 
but not cytoplasm. And the other type originated, 21 days after inoculation, 
from the empty giant cells. Formation of abnormal vessel elements from 
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parenchyma in Meloidogyne spp. induced galls has been reported in all the host 
plants (Christie, 1936; Krusberg and Nielsen, 1958; Davis and Jenkins, 1960; 
Odihirin and Jenkins, 1965; Eversmeyer and Dickerson, 1966; Siddiqui and 
Taylor, 1970; Siddiqui, 1971a, 1971b; Swamy and Krishnamurthy, 1971; 
Farooq, 1973; Siddiqui et al. 1974; Ngundo and Taylor, 1975; Ediz and 
Dickerson, 1976; Jones and Dropkin, 1976; Byrne et al, \911. Finley, 1981, 
Jones, 1981; Pasha et al., 1987; Hisamuddin, 1992; Hisamuddin and Siddiqui, 
1992a). The present study also supports the transformation of parenchyma cells 
into vessel elements. In addition to parenchyma, giant cells, transformation into 
abnormal vessel elements has also been investigated through this study. The 
abnormal vessel elements can, thus, be grouped, on the basis of their size into 
small, large and giant vessel elements. 
Growth of root tips is temporarily checked which results in poor nutrient 
uptake, when roots are invaded by M/wcogw/Za juveniles (Hussey, 1985). To 
compensate the loss of water and nutrients, caused by root growth inhibition, 
probably lateral root branching is stimulated as has been reported by Christie 
(1936); Krusberg and Nielsen (1958); Davis and Jenkins (1960). It is supposed 
that large number of lateral branches facilitate absorption of water and mineral 
in larger amounts. 
Although lateral root branches absorb nutrients in sufficient amount 
these are not translocated to the shoots due to unsteady upward translocation 
(Oteifa and Elgindi, 1962; Hanowanik and Osborne, 1975). To surmount 
upsteady or impaired translocation, probably, plant adapts itself to produce 
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xylem elements in large amounts. Thus, it is suggested that the plant attempts 
to overcome the loss of water due to disordered orientation of vessel partly by 
adaptation of vessel to have wide lumen and partly by the production of 
enormous amount of abnormal xylem. 
Abnormal xylem may also function to interconnect giant cells with 
xylem strands. Giant cells, produced in protophloem, are highly metabolically 
active cells and function as sinks for metabolities. They may need rapid supply 
of water for their unceasing metabolic activities. Since water can not flow 
rapidly through parenchyma, therefore, the parenchyma cells in between the 
giant cells and xylem strands are transformed into vessel elements. 
Another function of abnormal xylem might be the protection and the 
support. The giant cells which are highly specialized cells are covered by 
abnormal vessel elements which transform from neighbouring parenchyma 
cells. In this way the giant cells are given protection to prevent them from 
collapse. According to Krusberg and Nielsen (1958) if mature nematode stops 
feeding or dies, the giant cell cytoplasm degenerates and disappears, and finally 
the giant cell is collapsed. This study shows diat cells instead of being 
collapsed are transformed into stronger cells, i.e. vessel elements. The giant 
cells transformed into vessel like elements may or may not have cytoplasm. 
This function again seems to provide mechanical support to the giant cell, and 
to prevent the entire gall fi-om being collapsed. 
From this study it might be concluded that the abnormality in orientation 
of vascular strands was started 24 h after inoculation. Vascular strands were 
57 
severely distorted due to the multiple hypertrophic and hyperplastic reaction 
taking place continuously. The strands became heavy and appeared as scattered 
patches, when seen in longitudinal sections. The vessel elements become 
structurally abnormal within 24 h of inoculation. The vessel elements 
broadened near giant cells due to hypertrophic reactions. Irregular shape and 
size of vessel elements of metaxylem strands were consequenced upon pressure 
exerted on them by the tissue resulting from hypertrophic and hyperplastic 
reaction. Abnormal origin of vessel elements was observed 72 h after 
inoculation from small parenchyma cell; 15 days after inoculation from 
hypertrophied parenchyma cell; 21 days after inoculation from larger giant 
cells. From these observations, it is suggested that formation of vessel elements 
in excess amount might increase upward translocation, or supply of water to 
giant cells, or provide protection to giant cells, or give support to entire gall to 
prevent its collapse. 
b. Phloem 
RESULTS 
24 h After Inoculation: Meloidogyne incognita juveniles after penetration 
were found only in the region of vascular differentiation of the root. The 
juveniles which reached the region of differentiation having their head in tbe 
protophloem region, when seen in longitudinal section (Fig. 4). In transverse 
section, their bodies were found only in the protophloem region. 
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72 h After Inoculation: The giant cell size after 72 h of inoculation 
increased undifferentiated protophloem, exhibited immense hypertrophy, after 
penetration of the juveniles (Fig. 7). The hypertrophied cells enclosed dense 
and granular cytoplasm. Some of the protophloem elements transformed into 
giant cells (Fig. 11). 
9 Days After Inoculation: The giant cells became prominent (fig. 13). They 
were found in association with phloem elements. A giant cell complex was 
always accompanied by normal phloem elements specially sieve tube elements 
(Fig. 14). Normal phloem elements were seen towards distal and proximal ends 
of the giant cell complex, when seen in longitudinal section (Fig. 14). 
The giant cells were observed first time in cortical region, 9 days after 
inoculation. The consecutive serial sections revealed that cortical giant cells 
were associated with the vascular strands of rootlets. These giant cells were 
also associated with sieve tube elements (Fig. 17). 
15 and 21 Days After Inoculation: With an increase in the size of 
nematode body the orientation of phloem cells was much disturbed. The sieve 
tube elements were now more elongated. Most of the cells of protophloem 
were crushed or were pushed on either side of the nematode body (Fig. 22). 
The phloem elements near the giant cells comprised of both long as well as 
short cells (Figs. 26, 27 and 28). These were identified on the basis of the 
presence of slime plugs at the ends of sieve tube elements. 
27 Days After Inoculation: After 27 days of inoculation no fiirther changes 
were observed. The main feature was the occurrence of newly hatched second-
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stage juveniles either inducing fresh giant cells or feeding on the old ones 
(Fig.35). 
DISCUSSION 
Hypertrophy of cells near the nematode head, although, was observed 
within 24 h of inoculation but discrete giant cells were observed only after 72 h 
of inoculation. The preferential feeding site of the nematodes appeared to be 
only in the phloem region. The nematodes which did not induce giant cells in 
undifferentiated zone were found lying with their heads in phloem region, as 
was observed 24 h after inoculation. Presence of parenchyma like cells in 
between the giant cells and the sieve tube elements indicated that nematode 
induced hyperplasia in undifferentiated cells, which were to be transformed 
into sieve tube elements. Ediz and Dickerson (1976) also found most of the 
giant cells in phloem region. Primary phloem or adjacent parenchyma was 
selected as feeding sites by nearly all the root-knot nematodes (Byrne et al., 
1977;Finley, 1981). 
Since giant cells are highly active cells, therefore, they should directly or 
indirectly be connected with the phloem. This connection is essential for a 
continuous supply of assimilates to carry out cellular activities at its required 
rate. This view is strengthened by observing sieve tube elements ending 
abruptly on the walls of the giant cells, after 9 days of inoculation. Formation 
of sieve tube elements from the hyperplastied prenchymatous cells of the 
phloem fiirther support that giant cells are connected with the phloem. 
After 9th day of inoculation, phloem seems to be the most affected 
tissue. At this stage orientation of the sieve tube elements was disturbed firstly 
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due to giant cell formation and secondly due to nematode development 
Because of these two factors the phloem strands were dispersed. The sieve tube 
elements instead of traversing in a straight column, were passing to the left, 
right, above and below the nematode and the giant cells. Continuity of phloem 
strands, however was not broken. Discontinuity between sieve tube elements 
had been observed by Jacobs and Marrow (1958) in early stages of phloem 
development, after infection. 
Sieve tube elements of irregular shape and size, observed after 15 days 
of inoculation near the giant cells, were formed probably due to two reasons. 
Firstly because of hypertrophic reactions, and secondly due to transformation 
of sieve tube elements from parenchyma cells. The juveniles that penetrated 
later on, probably, caused giant cell formation in cortex. They attacked 
undifferentiated vascular strands of root-lets. Formation of giant cells in the 
cortex and their derivation from cortical parenchyma have been reported in 
many plants (Krusberg and Nielsen, 1958; Ediz and Dickerson, 1976). This 
observation supported that giant cells were not derived from cortical 
parenchyma but from undifferentiated meristematic cells. The giant cells 
observed in the cortex were not independent of the phloem, but they were 
always connected with the phloem strands of the root-lets. Thus, the root-lets 
produced in response to root-knot nematode infection (Christie, 1936; Krusberg 
and Nielsen, 1958) and supposed to increase absorption of water, also provide 
more number of vulnerable sites for nematode attack. Orientation, shape and 
size of sieve tube elements were very much affected after 21 days of 
inoculation. Protophloem was almost completely crushed mainly due to 
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nematode development. Orientation and shape of sieve tube elements alsc 
changed due to the enlargement of nematode body. 
The giant cells, more or less surrounded by the xylem, were reported by 
Christie (1936), Knisberg and Nielsen (1958). They did not mention any other 
tissue adjacent to the giant cells except the xylem. Siddiqui and Taylor (1970) 
found giant cells, completely surrounded by xylem after 9 days of inoculation. 
Finely (1981) stated that giant cells were formed in the phloem tissue of roots, 
stolons and tubers of potato as a result of Meloidogyne chitwoodi infection. 
Completely suppressed phloem was reported by Swamy and Krishnamurthy 
(1971) in M. incognita infected Base I la roots. Abnormal sieve tube elements 
with unusual orientations were formed in Lagenaria roots only after the 
destruction of primary phloem as a result of M Javanica infection (Siddiqui 
and Ghouse, 1975). 
From our study it may be concluded that although the giant cells 
appeared completely enveloped by abnormal xylem elements, but the serial 
section study revealed that none of the giant cell was completely enveloped by 
the xylem. The giant cells were always connected with phloem. The sieve tube 
elements instead of forming a complete ring, appeared diverting towards the 
giant cells, when seen in transverse section. In this way the supply of 
assimilates to the giant cell was not disrupted. 
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Experiment No. 2 
The effect of different inoculum levels of Meloidogyne incognita on 
Lagenaria leucantha 
Low or high population densities of Meloidogyne incognita produce 
different effects on plants. At low inoculum levels, some times the plant growth 
is stimulated, but at other times it is suppressed. Wallace (1971) found an 
increased plant growth at lower population densities and decreased at higher 
population densities. Dropkin (1954) inoculated tomato roots with a singk; 
juvenile of M incognita and measured the size of the resulted gall. He: 
hypothesized that each individual nematode produced a finite response on the 
root tissue and by measuring the gall size, number of nematodes in that gall 
might be predicted. In heavily infested roots it is very difficult to follow the 
hypothesis. 
The following study was carried out to determine the effects of different 
inoculum level on : (i) the plant growth, (ii) the number and size of the galls, 
(iii) the number of mature females per gram of root, (iv) the number of egg 
masses per plant and (v) the number of eggs per egg mass in roots of 
Lagenaria leucantha. 
Histopathological studies of the galls produced as a result of different 
inoculum levels were also carried out. For this purpose (i) size of the mature 
females , (ii) size of the giant cells, (iii) the number of giant cell cytoplasm, 
nuclei and nucleoli, and abnormalities in xylem and phloem were studied. 
Materials and Methods 
Raising The Test Plant : (A) Axenization of Seeds : The seeds of 
L. leucantha were obtained from National Seed Corporation of India, New 
Delhi. The seeds were axenized by NaOCl method (Koenning and Barker, 
1985). About 250 seeds were poured into sterilized beaker filled with 1:1 
mixture of 95% ethanol and 5.25% NaOCl. The mixture was stirred gently 
and the seeds were allowed to soak for about 8 - 1 0 minutes. The mixture vsas 
drained off and the seeds were rinsed with sterilized distilled water. 
(B) Germination of Seeds : About 10-12 axenized seeds were placed on a 
moist sterilized filter paper kept in a sterilized petridish. The seeds were 
allowed to germinate for three days. Three germinated seeds were thien 
transferred to clay pot of 30 cm diameter filled with steam sterilized sandy 
loam soil (7 clay : 3 sand : 1 farmyard manure). The seedlings were thinned to 
one seedling per pot, before inoculation. 
Inoculation with Nematode : The egg masses, hand picked from the egg 
plant root galls, were allowed to hatch and the second-stage juveniles were 
collected in sterilized distilled water, and counted with the help of counting 
dish. 
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When the seedlings became one week old, holes of 5-7 cm depth wei e 
made around the plant within the radius of 2 cm. Through these holes second-
stage juveniles comprising different inoculum levels of 05 J2 , 50 J2 , 500 J2 , 
5,000 J2 and 50,000 J2 per 10 ml of water were introduced with the help of 
sterilized pipette: The holes were then plugged with sterilized soil soon afte;r 
inoculation. To maintain soil moisture in the pot regular watering was done. 
Each treatment was replicated five times and pots were arranged in randomized 
complete block design. Uninoculated plants served as control. 
Harvesting : The plants were harvested 45 days after inoculation. The data 
for different parameters were collected and statistically analyzed. 
Plant Growth : After termination of the experiments, lengths , fresh weights 
and dry weights of roots and shoots of inoculated and uninoculated plants were 
determined. Root and shoot length of plant was measured with the help of 
meter scale. The roots and the shoots of the plants of each treatment were 
weighed when fresh and thenkept in bamboo paper envelopes. The envelopes 
were left in an incubator for 48 h at 80°C and thenweighed to obtain their drj' 
weights. From each treatment an extra set was maintained for histopathologicai 
studies from which the galled portions of the roots were tJiken out and fixed ir 
F.A.A. 
Number of Flowers and Fruits : The number of flowers and fruits per plant 
of each treatment was counted by visual observation. 
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Number and Size of Galls : The number of galls was counted by visual 
observation. The size of the gall was obtained by measuring maximum length 
and width (in mm^) on a meter scale. 
Number of Mature Females : For counting the number of mature females 
the root samples taken from each treatment were blended with 200 ml water in 
a warring blender for 30 seconds at low speed. The resultant suspension wis 
passed through coarse and 100 mesh sieves in order to separate root tissue. The 
total female population was counted with the help of counting dish. Total 
number of female nematodes in the suspension was divided by the weight of 
each root system to derive population per gram root. 
Number of Egg masses : Number of egg masses in infected roots was 
counted by staining egg masses with phloxin B. An aqueous solution of 
phloxin B 0.15 g per litre of water was prepared. Galled roots were placed in 
this solution for 15-20 minutes. Roots were rinsed in tap water. Red stained egg 
masses became observable and were counted. 
Number of Eggs per Egg mass : About 10 mature egg masses were 
selected randomly from root galls of each treatment. The egg masses were 
treated with 20 ml of NaOCl (2%) solution and stirred vigorously for one 
minute. The eggs released from gelatinous matrix of egg masses were stained 
with acid fuchsin (Byrd et al, 1972) and then counted under stereoscopic 
microscope. 
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Reproduction Factor (RF) and Rate of Population Increase (RPI) : 
For final population (Pf), soil population was estimated by Cobb's decanting 
and sieving method, and root population was estimated by Blender-Baermarm 
tray method (Hooper, 1985). Reproduction factor (Rf) was calculated by the 
formula: 
Rf = Pf / Pi 
Where Pf is the fmal population and Pj is the initial population. Rate of 
population increase (RPl) was calculated by the formula 
RPI-(Pf-PO/Pi 
Histopathological Studies 
From the infected roots the galls were selected for histopathological 
studies. Selected galls from each treatment were fixed in formalin aceto alcohal 
(F.A.A.) and then dehydrated through tertiary butyl alcohol (T.B.A.) schedule 
(Johansen, 1940). The galls were infiltrated with paraffin oil, after dehydration, 
and then embedded in paraffin wax. The embedded galls were then trimmed to 
small blocks and then fixed on wooden blocks. About 10-12 pm thick sections 
were obtained with the help of rotary microtome. The sections were mounted 
on the slide and then kept in an incubator at 40°C for 24 hrs (Johansen, 1940). 
The sections were stained with safranin and fast green as described by Sass 
(1951). Anatomical details were observed under light microscope and 
necessary photographs were taken. 
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RESULTS 
Root and Shoot length: The root and the shoot length in comparison to 
control, increased slightly but non-significantly at the initial inoculum level of 
Pi = O5J2. A non-significant decrease in the root and the shoot length was 
observed at Pi = 5OJ2, when compared with control plants. In comparison to 
control, a significant (P < 0.05) decrease in the root and the shoot length was 
observed at an initial inoculum level of Pi = 5OOJ2. Significant (P < 0.01) 
reduction occurred in the root and the shoot length of plant at the initial 
inoculum level of Pi = 5,000J2 and Pi = 50,000J2, in comparison to control 
(Table- 3). 
Root and shoot weight: The root and the shoot weight reduced at all the 
inoculum levels except at 05J2, when compared with control. The fresh and the 
dry weight of the root and the shoot increased non-significantly at the lowest 
(Pi = O5J2) inoculum level and decreased non-significantly at the next inoculum 
level (Pi = 50J2) in comparison to control. A significant (P < 0.05) reduction in 
comparison to control, was noticed at Pi = 5OOJ2, in the weight of both the roots 
and the shoots. Reduction in weight was much higher and significant (P < 0.01) 
at Pi = 5,000J2 and 50,000J2, in comparison to control (Table- 3). 
Number of flowers: The number of flowers per plant decreased with an 
increase in the initial inoculum level. The number of flowers increased non-
significantly at initial inoculum level of Pj = 05 J2, when compared with 
control. A non- significant decrease in the number of flowers per plant 
observed at Pi = 50 h- The number of flowers significantly (P < 0.05) 
decreased at the initial inoculum level of Pi = 500 J2. A significant (P < 0.01) 
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decrease in the number of flowers was observed at an initial inoculum level of 
Pi = 5,000 J2 and P; = 50, 000 J2 (Table- 3). 
Number of fruits: The number of fruits per plant in comparison to control, 
increased non-significantly at the initial inoculum level of Pj = 05 J2. A non-
significant decrease in the number of fruits was observed at Pj =50 J2, when 
compared with control plants. In the comparison to control, a significant 
(P < 0.01) decrease was noticed at an initial inoculum level of Pj = 500 J2, Pi = 
5,000 J2 and Pj = 50, 000 J2 (Table- 3). 
Number of Galls: The galls were small and almost unnoticeable at the lowest 
initial inoculum level of Pi = O5J2. The number of galls on the roots of the 
plants of Pi = 5OJ2 increased, but the increase was non-significant, when 
compared with the lowest inoculum level. A significant (P < 0.05) increase, in 
comparison to lowest inoculum level (Pi = O5J2), was observed in the number 
of galls on the plants at Pi = 5OOJ2. The gall number increased significantly (P 
< 0.01) at both the next higher initial inoculum levels of Pi - 5,000J2 and Pi = 
50,000J2, in comparison to the lowest inoculum level (Table- 3). 
Size of galls: The size of the galls was small at the initial inoculum level of Pi 
= O5J2. A non-significant increase in the size of the gall was observed in the 
plants at Pi = 5OJ2, in comparison to the gall size at Pi = O5J2. There was also a 
significant (P < 0.05) increase in the gall size at the inoculum level of Pi = 
5OOJ2, when compared with lower inoculum levels (Pi = O5J2 and 5OJ2). A 
significant (P < 0.01) increase in the size of the gall was observed at Pi = 
5,000J2, when compared with the size of the gall at Pi = 05 J2. The galls attained 
maximum size at the highest inoculum level of Pi = 50,000J2 which were 
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significantly (P < 0.01) larger than the galls at all the lower inoculum levels 
(Table-3). 
Number of mature females: The number of mature females recovered from 
the roots increased with an increase in the initial inoculum level. The number 
of mature females per gram root was one or two at the initial inoculum level of 
Pi = 05J2. A non-significant increase in the number of mature females per gram 
root was noticed at Pi = 5OJ2 as compared with that at Pi = OSJj. A significant 
(P < 0.05) increase in the number of the mature females per gram root was 
observed at the initial inoculum level of Pi = 5OOJ2. The number of mature 
females per gram root significantly (P < 0.01) increased at the initial inoculum 
level of Pi = 5,000J2 than at the initial levels of Pi = O5J2, 5OJ2 and 5OOJ2. 
Maximum number of mature females was collected from the roots of the plant 
at the highest inoculum level (Pi = 50,000J2) followed by Pi = 5,000 J2, Pi = 
5OOJ2, Pi =50J2 and Pi = O5J2 (Table- 3). 
Number of egg masses: The number of egg masses per plant increased as the 
number of juveniles introduced per plant increased. At the lowest inoculum 
level (Pi = 05J2) the average number of egg masses recovered was 3.02. A non-
significant increase in the number of egg masses was observed at the initial 
inoculum level of Pi = 5OJ2. The number of egg masses per plants significantly 
(P < 0.05) increased at the initial inoculum level of Pi = 5OOJ2 when compared 
with Pi = O5J2 and Pi = 5OJ2. A significant (P < 0.01) increase in the number of 
egg masses per plant was observed at Pi = 5,000J2 in comparison to the lower 
inoculum levels (Pi = O5J2 and 5OJ2). At the highest initial inoculum level, the 
number of egg masses recovered per gram root was significantly (P < 0.01) 
higher than the lower inoculum levels (Pi - 05J2 and 5OJ2). 
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with an increase in initial inoculum level. However, the differences were not 
significant upto Pi = 5,000 J2. A significant (P < 0.05) decrease was observed at 
Pi = 50,000 J2, when compared with all the lower inoculum levels (Table- 3). 
Reproduction Factor (Rf) & Rate of Population Increase (RPI): 
Reproduction factor (Rf) and rate of population increase (Rl'l) decreased with 
an increase in initial inoculum level. Maximum being at the lowest and 
minimum at highest inoculum level. (Table -3) 
HISTOPATHOLOGY 
Root-knot nematode infection causes the formation of a group of 
multinucleated cells called giant cells. The second-stage juveniles of 
Meloidogyne incognita, after penetrating into the roots of Lagenaria leucantha 
led to the induction of 6-8 multinucleate giant cells, primarily in the phloem 
region. A cluster of more than 10 giant cells was observed when two 
nematodes lying side by side were found feeding at the same site 
(Fig. 38). There were great variations in the size of giant cells in a giant cell 
complex. The number of giant cells varied depending upon initial inoculum 
level, usually one female was found associated with one giant cell cluster, but 
occasionally more than two females were also found feeding at same site, at 
higher inoculum levels (Figs. 39 and 40). 
At lower inoculum levels, only one or more females were observed in 
the parenchyma ray region (Fig. 36). At higher inoculum levels, all the four 
parenchymatous rays were found occupied by the nematode and the giant cells 
(Figs. 39 and 40). 
Density of the giant cell cytoplasm decreased with increased initial 
inoculum level. At lower inoculum levels, the giant cell cytoplasm was dense. 
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cytoplasm was less dense and stained brown (Fig. 40). 
There was a significant (P < 0.01) reduction in the average size of the 
giant cell at highest inoculum level, when compared with lowest inoculum 
level. There was a gradual decrease in the size of giant cell with an increase in 
initial inoculum level (Fig. 40). 
The large giant cells at higher inoculum level enclosed small amount of 
cytoplasm (Fig. 40). At lower inoculum level, only small sized giant cells were 
empty; medium sized contained little and large sized enclosed much cytoplasm 
(Figs. 36 and 37). 
The number of nuclei in the giant cell varied with inoculum levels. The 
number of nuclei was higher at lower initial inoculum level (Figs. 36 and 37) 
but the number decreased at higher inoculum levels (Fig. 39). Size of the nuclei 
was independent of the inoculum level. The nuclei were amoeboid, circular and 
oval in shape at lower inoculum level but at higher inoculum level the nuclei 
were mostly of amoeboid shape. The shape and size of the nucleoli were not 
affected by the increase or decrease of the inoculum density. Some females 
were observed associated with larger egg sacs at higher inoculum levels, but 
the egg sacs were not prominent at lower inoculum levels (Figs. 36 and 37). 
The inoculum density also affected the abnormalities in the vascular 
elements. The xylem elements were less distorted and occupied a smaller area 
however, xylem elements occupied more area and were more distorted at 
higher inoculum levels, when seen in transverse section (Fig. 40). Similarly 
phloem strands were also less distorted at lower than at higher inoculum levels 
(Figs. 36 and 40). The giant cell cluster was found near the normal phloem and 
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abnormal phloem strands. Their amount was increased at higher than at lower 
inoculum levels (Figs. 36 and 40). 
DISCUSSION 
Plant parasitic nematodes are the pathogens by their own right and are 
capable of producing recognizable disease symptoms on many economically 
important plants. Plant parasitic nematodes, especially root-knot nematode, 
(Meloidogyne species) cause severe growth and yield losses to a number of 
crops (Luc et ai, 1993). Dwarfing and stunting are the most commonly 
observed symptoms of root-knot disease. However, it is not necessary that the 
plant would always develop the characteristic symptoms. It is evident from our 
studies that if primary inoculum comprised of a very low amount, it did not 
produce above ground symptoms. Although juveniles entered in the roots and 
caused gall formation but their overall effect on the plant growth was 
negligible. From our findings it might be concluded that low population 
densities of second-stage juveniles induced infection without causing any 
significant damage to the plant. Earlier workers like Tyler (1933) Dropkii^ 
(1954) and Dropkin and Boone (1966) used single larval inoculation to find its 
response at the site of infection, however, they did not mention its effect on the 
growth of the plant. 
Wallace (1971) hypothesized that at lower inoculum levels plant growth 
was stimulated. Our studies carried out on Lagenaria leucantha confirm his 
findings. In the presence of second-stage juveniles of M incognita, an 
initial inoculum level of 5OJ2 per pot, increased plant growth. Root 
and shoot lengths and their weights increased at this level. This response 
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might be due to the presence of certain growth hormones. Auxin and cytokinin 
(Setty and Wheeler, 1968; Balasubarmanian and Rangaswamy, 1962) have 
been ascertained near the nematode head that probably stimulated the plant 
growth. 
At both higher inoculum level (Pi = 5OOJ2 and Pi = 5,000 J2) growth of 
the plant suppressed significantly. The damage caused by M incognita on 
growth of susceptible plants involves several mechanisms. Nematodes remove 
plant nutrients, alter nutrient flow patterns in plant tissue and retard plant 
growth. The nutrient supply from root towards shoot is hampered due to 
anatomical abnormalities in galled tissue. Moreover, photosynthates are 
diverted towards the giant cells that act as metabolic sinks to the organic 
compounds. All these malfunctions contribute in suppressing plant growth 
(Hussey, 1985). 
Root-knot nematode infection markedly retards the rate of absorption by 
roots and also suppressed the rate of translocation towards shoot apices. Oteifa 
(1952) observed retarded shoot growth and nutritional deficiency symptoms in 
the foliage of root-knot nematode infected plants. Hunter (1958) correlated 
poor nutrient uptake by the plants and consequently suppressed plant growth. 
Root branching and linear extension were checked due to Meloidogyne 
infection. 
Increase in the amount of initial inoculum level was responsible for 
reduction in the fresh and dry weights of L. leucantha. Bird (1962, 1968) 
observed that the rate of photosynthesis in tomato decreased with increase in 
the initial inoculum level. An inverse correlation between M. hapla density and 
crop yield of certain vegetables was evaluated by Olthof and Potter (1972) who 
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estimated commercial loss upto 46 and 64% for onions and potatoes, 
respectively, at an inoculum level of 28,000J2 per plant. Barker (1977) assessed 
yield losses from 3.7 to 19.9% due to M arenaria, M. hapla, M. incognita and 
M javanica for each tenfold increase in initial density for each species. 
Samathanam and Sethi (1996) observed maximum reduction in shoot length 
fresh and dry weight at 8,000 J2 with an increase in inoculum level from 500-
8000 J2. The reduction in growth characteristics was not proportionate to the 
increase in the initial inoculum level. 
In this experiment, it was found that the plant growth characters like root 
and shoot length, their fresh and dry weights, of the M incognita infected were 
adversely affected as the level of inoculum increased from 500 to 50,000J2 per 
plant. The reduction was significant at the highest inoculum level (Pi = 
50,000J2) when compared with control plants. Adverse effects on plant growth 
with the increase in primary inoculum levels oi Meloidogyne spp. have been 
reported by several workers (Christie, 1936; Krusberg and Nielsen, 1958; 
Wallace, 1969; Ferris, 1974; Barker and Olthof, 1976; Nordacci and Barker, 
1979; Kihioch, 1980; 1982; Rodriguez-Kabana and Williams 1981; Appel and 
Lewis, 1984; Ibrahim and Lewis, 1985; Fazal et ai, 1996). Seinhorst (1960) 
observed a measurable damage occurring only when the nematode population 
density exceeds a certain limit. In the present study the growth parameters and 
nematode inoculum density showed positive linear relationship. Wallace 
(1963) and Oostenbrink (1966) opined that the increase in nematode 
populations and subsequent reductions in the yield of crops or other 
manifestations of pathogenic effects are directly influenced by initial density 
of the nematode in soil. 
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The number of galls and the size of the gall also increased with an 
increase in initial inoculum level. This trend might be due to the fact that at 
higher inoculum levels, large number of juveniles entered into the roots and 
formed new feeding sites, which resulted in increased number of galls on the 
infected roots. At higher inoculum levels, large sized galls were formed 
because large number of juveniles penetrated at the same feeding sites and 
caused hypertrophy and hyperplasia at the affected site. Ibrahim and Lewis 
(1985) also observed eidianced gall number in soybean with corresponding 
increase in initial inoculum level of M incognita on blackgram. Size of the gall 
increased with increase in inoculum level on susceptible host (McClure and 
Viglierchio, 1966; Arens et al, 1981). 
Number of mature females recovered per gram of root was found to be 
increased with increase in initial inoculum level. This is also in accordance 
with the hypothesis of Dropkin. At the highest inoculum level (Pi = 50,000J2), 
area of cross section of the mature female was reduced as compared to that at 
lower inoculum levels. It might be partly due to limited supply of food and 
partly to limited available space in the tissue. 
With the increase in inoculum levels, number of egg masses per plant 
was increased, which is obvious as lower the inoculum level, lower will be the 
number of mature females and consequently fewer be the egg masses. At 
higher inoculum levels the number of mature females and their egg masses will 
be more. Number of eggs per egg mass significantly decreased at the highest 
inoculum level, however at lower inoculum levels the differences in the 
number of eggs per egg mass were non-significant. It seems that size of the 
mature female and the number of eggs produced by it are interrelated. 
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Development of the juveniles"5nto a mature female ^iifl/egg mass production is 
influenced by the density of nematode per unit area. The frequency of eggs per 
egg mass is influenced by the nematode density. If number of mature females 
is more the number of eggs per egg mass will be less and if the number of 
females is less then the number of eggs per egg mass will be more. Thus, 
nematode within a given volume of the root might be considered a measure of 
evaluating the size of the female and the number of eggs per egg mass. Limited 
food and space, probably, caused detrimental effects on the maximum 
development of the nematode and consequently egg mass production. 
Insufficient nutrition seems to be the main reason behind the low production of 
egg masses. 
Lagenaria leucantha roots in response of feeding by M. incognita 
undergo pronounced anatomical changes. As a result of M incognita infection 
there is the development of paramount feeding sites, called giant cells. 
Meloidogyne incognita larvae induced 6-8 multinucleate giant cells in vascular 
tissue of Lagenaria roots. The number of giant cells increased more than 12 
when two nematodes lying adjacently were found feeding at the same feeding 
site. The number of giant cell varies from plant to plant e.g. 3-6 in tomato 
(Christie, 1936); 4-9 in sweet potato (Krusberg and Nielsen, 1958); 2-5, 10-12 
giant cells in Gardenia (Davis and Jenkins, 1960); 5-9 in soybean (Dropkin and 
Nelson, 1960); 4-7 in Hibiscus (Littrell, 1966); 4-5 in tifdwarf (Heald, 1969); 
3-5 in barley (Ediz and Dickerson, 1976); 5-6 in Impatiens (Jones and Payne, 
1978). The shape of the giant cells, as observed in transverse and longitudinal 
sections, was circular, ovate to oblong. The giant cells were generally oblong, 
because according to Christie (1936), they arise from elongated cells, which in 
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normal development lead to the formation of vessels. The giant cells near the 
nematode head are generally larger, as compared to the cells present away from 
the nematode head. Contrary to this our conclusion is that giant cells are 
formed from those cells that under normal conditions develop into phloem 
elements as has been proposed by Byrne et al. (1977) and Hisamuddin and 
Siddiqui (1992). 
The giant cells were produced as a result of continuous stimulus from 
the nematode (Bird, 1962). The giant cells which were nearest to the nematode 
head were larger as they received direct stimulus from the nematode than 
which were away and received an indirect stimulus. Thus, formation of giant 
cell is essential for a successful host parasite relationship. The tissue 
responsible for the formation of giant cell was primary phloem or adjacent 
parenchyma (Christie, 1936; Krusberg and Nielsen, 1958; Byrne et al., 1977). 
Parenchyma ray, during normal development of root, occupies the site where 
giant cells are produced. The protophloem was crushed and pushed towards the 
periphery during the secondary growth of the root. When giant cells and the 
nematode develop in the protophloem, they exert considerable pressure on the 
surrounding tissues that results abnormality in the neighbouring cells and 
tissues. At higher inoculum levels, giant cells and the nematode occupied all 
the parenchyma rays. More than one nematodes cause multiple induction of 
giant cells in a limited space. 
Bird and Loveys (1975), McClure (1977) unequivocally asserted that 
Meloidogyne acts as a metabolic sink in diseased plants. An increased 
metabolic activity of giant cells stimulates mobilization of photosynthates from 
shoots to roots, particularly to giant cells where they are removed and utilized 
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by the feeding nematode. In our experiment, at lower inoculum level, denser 
cytoplasm indicated that metabolites were sufficiently supplied to the giant 
cells by that plant. Emptiness and vacuolation in giant cells, at higher inoculum 
level, showed that either supply of photosynthates was not enough, or there was 
more demand by the nematodes than its formation. Higher number of nuclei in 
the giant cells at lower inoculum level showed the cells were quite active. At 
higher levels metabolic activity of giant cells was probably suppressed due to 
diminished food supply. 
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Experiment No. 3 
Effect of Meloidogyne incognita infection on chlorophyll pigment, 
protein and carbohydrate contents of bottle gourd (Lagenaria 
leucanthd) 
Meloidogyne incognita, a parasitic nematode causes severe damage to a 
large number of plant species including bottle gourd {Lagenaria leucanthd). 
Nematode infected roots normally show hypertrophy and gall formation on 
root. Due to its infection, host tissues exhibit a number of changes in their 
structure, composition and also metabolic activity. As a result of Meloidogyne 
infection protein and carbohydrate contents are also changed. Increase ir 
protein content in the infected roots was reported in tomato (Bird, 1962); chilli 
(Trivedi and Tiagi, 1980, 1986; Pandey and Trivedi, 1991); okra (Sharma, 
1992). The amount of soluble and insoluble carbohydrates was found to be 
decreased in tlie galled roots than in healthy roots. The present study was 
carried out to estimate the chlorophyll pigment, protein and carbohydrate 
contents in infected plants and compare it with healthy plants. 
Materials and Methods 
Preparation of Test Plant and Inoculation with Nematode: Surface 
sterilized (Koenning and Barker, 1985) seeds oiLagenaria leucantha (N.S.C. , 
New Delhi) were soaked in water and allowed to germinate in sterilized petri 
dishes. The germinated seeds were then transferred to 30 cm diameter clay pots 
filled with steam sterilized soil (7 clay : 3 sand : 1 farmyard manure). The three 
week old seedlings were then inoculated with 2000 J2 of M incognita. The pots 
were kept in a randomized complete block design. Uninoculated plants served 
as control. Regular watering was done to maintain soil moisture. The plants 
were harvested 60 days after inoculation. 
Plant Growth : After termination of the experiment, lengths , fresh weights 
and dry weights of roots and shoots of inoculated and uninoculated plantswere 
determined. Root and shoot length of plant was measured with the help of 
meter scale. After taking fresh weights of the roots and the shoots these were 
kept in bamboo envelopes and placed in an incubator for 48 h at 80°C and 
weighed to obtain their dry weights. 
Estimation of chlorophyll : For estimation of chlorophyll contents , 1 g 
fresh leaf pieces were crushed in mortar and pestle containing 50 ml of 80% 
acetone. The crushed material was filtered through Whatman (No.2) filter 
paper. The filtrate was transferred to 100 ml volumetric flask and the volume 
was made upto the mark with 80% acetone. The transmittance was read at 645 
and 663 nm on 'Spectronic 20' colorimeter. The amount of chlorophyll a,b and 
total chlorophyll was determined as mg/g fresh leaf according to the formula 
given by MacLachlan and Zalik (1963). 
Estimation of Protein : Protein content in the root, stem and leaves was 
estimated by the method of Lowry et al. (1951). 
Preparation of Reagents : Six reagents were needed for estimation of 
protein i.e. A, B, C, D, E, and F. 
Reagent A: Equal quantity of (1:1 ratio) 2% NajCOs and 0.1 N-NaOH 
prepared in double distilled water. 
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Reagent B: 0.5% CUSO4 + 1% Sodium tartarate in 1:1 ratio prepared in 
double distilled water. 
Reagent C: 50 ml of reagent A + 1 ml of reagent B. 
Reagent D: Reagent B + Na2C03 (1:1 ratio). 
Reagent E: Folin phenol reagent. 
Reagent F: 40 g of NaOH dissolved in one litre of double distilled water to 
make 1 N-NaOH solution. 
For extraction of soluble and insoluble protein, 50 mg of dried sample 
was taken. Then it was crushed in 10-15 ml of phosphate buffer and filtered 
through muslin cloth. It was transferred in to a centrifuge tube with repeated 
washing and volume was made upto 5 ml with double distilled water. The 
extract was then centrifuged at 4,000 rpm for 5 minutes and the supernatant was 
collected for soluble protein. 
Estimation of Soluble Protein : For the estimation of soluble protein 1 ml 
of supernatant was transferred to a 10 ml test tube, 5 ml of reagent C was 
added. The solution was mixed well and allowed to stand for 10 minutes at 
room temperature. 0.5 ml of reagent E was added rapidly with immediate 
mixing. After 30 minutes, the blue colored solution appeared. This solution was 
transferred to a colorimetric tube and its intensity was measured by reading its 
optical density (O.D.) at 660 nm in 'Spectronic 20' colorimeter. A blank was 
run simultaneously. The soluble protein content was estimated by comparing 
the optical density of each sample with a calibration curve plotted by taking 
known dilutions of a standard solution of egg albumin. 
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Estimation of Insoluble Protein: To the residue, 5 ml of 5% trichloroacetic 
acid was added. The solution was allowed to stand at room temperature for 30 
minutes after thorough shaking. It was then centrifiiged at 4p00 rpm for 10 
minutes and the supernatant was discarded. 5 ml of 1 N NaOH was added to 
the residue and mixed well by shaking. The residue was allowed to stand in a 
water bath at 80°C for 30 minutes. Then it was cooled and centrifiiged at 4000 
rpm. The supernatant together with three washings with 1 N NaOH, was 
collected in a 25ml volumetric flask. The volume was made upto the mark 
with 1 N NaOH. One ml of NaOH extract was transferred to a 10 ml test tube 
and 5 ml of reagent E was added rapidly with immediate mixing. After 30 
minutes, the intensity of the blue solution was measured at 660 nm using a 
'Spectronic 20' colorimeter. 
Standard for Protein: 40 mg of egg albumin was taken in a 100 ml of 
volumetric flask, to which 1-2 ml of 0.1 N NaOH was added. The contents of 
flask were stirred careftilly and placed on a water bath for a short period for 
heating. After the albumin became solubilized the volume of the flask was 
made upto the mark by double distilled water. From this solution 0.1, 0.2, 0.3, 
0.4, 0.5, 0.6, 0.7, 0.8, 0.9 and 1 ml was pipetted to ten different test tubes, the 
solution in each test tube was diluted to 1ml by adding 0.9, 0.8, 07, 0.6, 0.5, 
0.4, 0.3, 0.2, 0.1 and 0.0 ml of double distilled water, respectively. In each test 
tube 5 ml of reagent C was mixed and allowed to stand for 10 minutes at room 
temperature. 0.5 ml of reagent E was then added rapidly with immediate 
mixing. The optical density of the solution was read at 660 run using a 
'Spectronic 20' colorimeter. A blank was also run simultaneously and a 
calibration curve was plotted. The soluble protein content was estimated by 
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comparing the optical density of each sample with a calibration curve plotted 
by taking known dilution of a standard solution of egg albumin. 
Estimation of Carbohydrate: The phenol sulphuric acid method was used 
to estimate total carbohydrate. For this method following reagents were used. 
1. Phenol 5% - Redistilled (reagent grade) phenol (50 g) was dissolved in 
water and diluted to 1 litre. 
2. Sulphuric acid - 96 % reagent grade. 
3. Standard Glucose: 100 mg of glucose was dissolved in 100 ml of double 
distilled water. Working standard 10 ml of stock diluted to 100 ml with double 
distilled water. 
100 mg of dried sample of root, stem and leaf were taken into a boiling 
tube. It was hydrolyzed by keeping it in a boiling water bath for three hours 
with 5 ml of 2.5 N HCl and cooled to room temperature. It was neutralized 
with sodium carbonate until the effervescence ceased and the volume of the 
tube was made upto 100 ml. This solution was then transferred to centrifuge 
tube and centrifuged at 4000 rpm for 5 minutes. The supernatant was collected 
for estimation of total carbohydrate. 0.1 and 0.2 ml of supernatant were taken 
in two different test tubes and the volume of the test tube was made upto 1 ml 
by adding double distilled water. 1 ml of phenol solution and 5 ml of 96% 
sulphuric acid was added simultaneously in each test tube. After 10 minutes the 
contents of each tube were mixed thoroughly by shaking and placed them in a 
water bath at 25-30°C for 20 minutes. This solution was then transferred to a 
colorimetric tube and its intensity was measured by reading its optical density 
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at 490 nm. A blank was run simultaneously. The total amount of carbohydrate 
present in the sample solution was calculated by using the standard graph. 
Standard for Carbohydrate Estimation: 100 mg of glucose was dissolved 
in 250 ml of double distilled water in a coming flask 10 ml of this solution was 
taken into another flask and the volume of the flask was made 100 ml by 
adding double distilled water. 0.2, 0.4, 0.6, 0.8 and 1 ml of this solutions were 
taken in different test tubes by sterilized pipette and the volume of each tube 
was made upto 1ml by adding double distilled water. 1 ml of phenol reagent 
and 5 ml of 96% sulphuric acid were added simultaneously in each tube. After 
10 minutes the contents of each tube were mixed thoroughly and placed in 
water bath at 25-30°C for 20 minutes. This solution was then transferred to a 
colorimetric tube and its intensity was measured by reading its optical density 
at 490 nm. A blank was run simultaneously and a calibration curve was plotted. 
The total amount of carbohydrate was calculated by using following formula: 
Absorbance corresponds to 0.1 ml of the test tube = x mg of glucose 
100 ml of the sample solution contains = (x / 0.1) * 100 mg of glucose 
= % of total carbohydrate 
RESULTS 
Root and shoot length: The root and the shoot length of Lagenaria 
leucantha increased non-significantly at lowest (Pi = 50 J2) inoculum level, 
when compared with control. A non-significant decrease occurred in the root 
and shoot length of the plant at an initial inoculum level of Pi = 500 J2. At 
higher inoculum level (Pi = 5,000J2), root and shoot lengths decreased 
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significantly (P < 0.05) in comparison to control. At the highest inoculum level 
(Pi = 50,00012), the lengths of the root and shoot drastically reduced 
(significant at P < 0.01), when compared with the length of control plants. Both 
root and shoot lengths at Pi = 5,000J2 were significantly (P < 0.05) less than at 
Pi = 5OJ2 and Pi = 5OOJ2. Reductions were higher at in root lengths than shoot 
lengths at Pi = 5OOJ2, Pi = 5,000J2 and Pi = 50,000J2 levels (Table- 4). 
Root and shoot weights: The fresh and the dry weight of both the root and 
the shoot increased, th. ough non-significantly at the lowest inoculum level of 
Pi = 5OJ2, when compared with control. There was a non-significant decrease in 
the fi:esh and the dry weight at the next inoculum level (Pi = 5OOJ2). At an 
inoculum level of Pi = 5/)00J2 the fresh and the dry weight of the root and the 
shoot decreased significantly (P < 0.05) when compared with control. 
Maximum reduction in the fresh and the dry weight was noticed at the 
highest inoculum level (Pi = 50,000J2). The reduction in root and shoot weights 
at highest inoculum level was significantly (P < 0.01) higher in comparison to 
the weights of control plants and the plants at other inoculum levels (Table- 4). 
Chlorophyll content : The chlorophyll content of the leaves of Lagenaria 
leucantha increased slightly but non- significantly at an initial inoculum level 
of Pi = 50 J2, in comparison to control. There was a significant (P < 0.05) 
reduction in the chlorophyll pigment at the next inoculum level (Pi = 500 J2). 
The chlorophyll content of the leaves of L. leucantha decreased significantly (P 
< 0.01) at higher inoculum levels i.e. Pi = 5,000 J2 and Pi = 50,000 J2, when 
compared with control (Table- 4). 
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Protein Content Root: Protein content of the roots of L. leucantha increased 
at all the inoculum levels when compared with control. A significant (P < 0.01) 
increase in the protein content of the root was observed at the initial inoculum 
levels of Pi = 5,000J2 and Pi = 50,000J2. Maximum increase in the protein 
content of the root was observed at inoculum level of Pi = 50,000J2 when 
compared with control and the protein content of the root of the plant at other 
inoculum levels i.e. Pi = 5OJ2 and Pi = 5OOJ2 (Table- 4). 
Stem: There was a non-significant decrease in the protein content of the stem 
of L leucantha at the inoculum levels of Pi = 5OJ2 and Pi = 5OOJ2, when 
compared with control. At higher inoculum levels (Pi = 5,000J2 and Pi = 
50,00012) there was a significant (P <_0.01) decrease in the protein content of 
the stem of L. leucantha as compared to control and the plants at other 
inoculum levels (Table- 4). 
Leaf: The protein content of the leaves of L leucantha decreased at all the 
inoculum levels, significantly (P < 0.01) at Pi = 5,000J2 and Pi = 50,000J2. 
Maximum reduction in the protein content was observed, at the highest 
inoculum level (Pi = 50,000) when compared with control and other lower 
inoculum levels (Table- 4). 
Carbohydrate content Root: Carbohydrate contents of the roots of L. 
leucantha decreased non-significantly at initial inoculum levels of Pi = 5OJ2 
and Pi = 5OOJ2, when compared with control. A significant (P < 0.05) reduction 
in the carbohydrate content was observed at initial inoculum level (Pi = 
5,00012) when compared with control. The carbohydrate content of the roots of 
L leucantha also decreased significantly (P < 0.01) at the highest inoculum 
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level (Pi = 50,00012) when compared with control and plants at other inoculum 
levels (Table- 4). 
Stem: There was a non-significant increase in the carbohydrate content of the 
stem of L. leucantha at the lowest inoculum level (Pi = 5OJ2) and the next 
inoculum level (Pi = 5OOJ2), in comparison to control. A significant (P < 0.05) 
decrease in the carbohydrate content was noticed at the next higher inoculum 
level (Pi = 5,000J2), when compared with control. Maximum reduction in the 
carbohydrate content occurred at the highest inoculum level (Pi = 50,000J2) in 
comparison to control and other inoculum levels (Table- 4). 
Leaf: A non-significant decrease in the carbohydrate content of the leaf was 
observed at lower inoculum levels (Pi = 5OJ2 and Pi 5OOJ2), in comparison to 
control. At the next inoculum level (Pi = 5,000J2) the carbohydrate content of 
the leaf of L leucantha decreased significantly (P < 0.05). Maximum and 
significant (P < 0.01) reduction in the carbohydrate content was noticed at the 
highest inoculum levels (Pi = 50,000J2) when compared with control (Table-
4). 
DISCUSSION 
Meloidogyne incognita produced harmful effects on the plant growth, 
amount of chlorophyll pigment, protein and carbohydrate contents of the plant 
of bottle gourd (Lagenaria leucantha). At lower inoculum level (Pi = 5OJ2), the 
plant growth was found to be improved but at higher levels the growth of the 
plant was suppressed significantly. The second-stage juveniles at an initial 
inoculum level of 50 J2 per pot enhanced plant growth. The root and the shciot 
lengths increased at this level. This response might be due to the presence of 
88 
certain growth promoting substances. Auxins and cytokinins have been 
reported near the nematode head in the affected tissues. The two 
phytohormones are responsible in the initiation of cell division and cell 
expansion. Their relative concentrations also enhance production of fibrous 
roots near the infected sites. Auxins and cytokinins (Setty and Wheeler, 1968; 
Balasubramanian and Ranga Swamy, 1962) have been ascertained near the 
nematode head that probably stimulated plant growth. 
At both higher levels (Pi = 5,000J2 and Pi = 50,000J2) the growth of the 
plant was found to be suppressed, significantly. Reduction in plant growta 
might have occurred due to removal of plant metabolites by the nematodes. 
Abnormalities in the root vascular system are also responsible in plant growth 
reduction as the xylem and the phloem are the most affected tissues in the 
galled roots. Abnormalities in xylem resulted in irregular transport of water and 
minerals towards the photosynthetic tissues. It caused lowering in the rate of 
photosjmthesis. Reduced rate of photosynthesis might be responsible in 
reduction of biomass formation. Abnormalities of galled roots in phloem ha\'e 
resulted in an impaired translocation of photosynthates towards normally 
growing roots. It was responsible in the reduction of root length and formation 
of abnormal lateral branches. All these malfimctions contributed in suppressing 
plant growth and yield (Hussey, 1985). 
The amount of chlorophyll pigment of the leaves of L leucantha 
decreased with an increase in initial inoculum levels. Root-knot nematode 
infection markedly retarded the rate of absorption of nutrients by the roots and 
also affected the rate of translocation towards the shoot apices. Root-knot 
nematode infection interfered in the production of normal vascular elements 
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and in the normal functioning of the affected vascular elements. These two 
phenomena were responsible in lowering down the uptake of minerals and their 
transport to the shoot either because of low or unavailability of minerals and 
ions. Oteifa (1952) compared reduced shoot growth of Meloidogyne infected 
plants with the plants growing in nutrient deficient soils. He observ«;d 
nutritional deficiency symptoms in the foliage of plants infected with root-knot 
nematode. As a result of poor nutrient uptake the chlorophyll pigment of L. 
leucantha decreased significantly at Pi = 5,000J2 and Pi = 50,000J2. 
Protein content in the root increased as a result of M incognita 
infection, while protein content in the stem and leaves decreased significantly 
at Pi = 5,000J2 and Pi = 50,000J2. The altered protein metabolism in diseased 
tissue with high protease activity and increased level of soluble proteins and 
amino acids is due to the fact that host proteins are proteolytically broken do^ A^ i 
into easily assimilable forms of amino acids. The proteases are secreted by ';he 
nematode into the host tissue for such a proteolytic degradation. Released free 
amino acids further synthesized new proteins. Pathogens have been reported to 
produce proteolytic enzymes (Matsubara and Feder, 1970) which are often 
present in diseased tissue. 
According to Roy (1981) increase in the synthesis of protein content in 
the galled region is due to increase in amino acid synthesis. Synthesis of 
nucleic acid content in the gall tissue corresponds very closely with thai of 
protein synthesis. The increase of nucleic acid content in the giant cell is 
mainly because of its polyploid condition and higher metabolic activity (Ow ens 
and Rubinstein, 1966). 
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Total protein and proline contents of infected plants exceeded that of the 
healthy plants of brinjal and the magnitude of increase was more pronounced 
with the increase in time of infection. Significant enhancement in protein and 
total free amino acids with simultaneous increase in protease activity was 
observed in nematode infected roots as also recorded by Howell and Krusberg 
(1966) and Epstein and Cohn (1971). 
Increase in the protein content in the infected roots was reported in 
tomato (Bird, 1962); Brinjal (Singh et al., 1978); Chilli (Trivedi and Tiyagi, 
1980, 1986; Pandey and Trivedi, 1991), Pea (Sharma, 1985). Giant cells, 
nematode bodies and hyperplastic parenchyma around the giant cells were the 
main sites of protein accumulation (Owens and Novotny, 1960; Knypl and 
Janas, 1975; Trivedi and Tiyagi, 1980). Owens and Specht (1964) had observed 
spreading of proteinaceous material throughout the giant cells. The presence of 
increased protein in galls was due to increased protein synthesis (Owens and 
Novotny, 1960; Bird, 1961; Littrell, 1966; Chylinska e/a/., 1972). 
Carbohydrate content of the plant decreases with an increase in initial 
inoculum levels. The decrease in the carbohydrate contents was significant at 
initial inoculum level of Pi - 5,000J2 and Pi = 50,000J2. The decrease in 
carbohydrate content was due to reduced photosynthetic capacity and increased 
rate of respiration. Similar results were also reported by Wallace, 1974 and 
Daly, 1976). 
Carbohydrate content of the root, stem and leaves of Lagenaha 
leucantha decreased as a result of Meloidogyne incognita infection. Tliis 
indicated that M. incognita secretes some hydrolysing enzyme or induces ihe 
production of hydrolysing enzymes in the host that brings about the conversion 
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of carbohydrate into its utilizable form. In the stems and the leaves, marked and 
significant reduction at all the inoculum level indicated that nematode infecticjn 
interfered in the normal metabolic activities of these organs. Deficiency or 
absence of certain major elements might have caused reduced enzyme 
synthesis, that was expressed in slow growth of the plant and its organs. 
Similar results were also reported by many workers (Basu and Sukul, 1983 ajid 
Sama and Trivedi, 1987). 
Reducing sugars were observed to increase in infected roots as 
compared to healthy roots, while non-reducing sugars decreased in infected 
roots (Pandey and Trivedi, 1991; Sharma, 1992). Non-reducing sugars, such as 
sucrose were hydrolysed by invertase into reducing sugars as glucose and 
fructose which are easily assimilated by the pathogen (Tayal and Agrawal, 
1982; Pandey and Trivedi, 1991). Localized invertase in oesophagus and 
intestine of nematode parasite suggests the possibility of its secretion in Ihe 
host tissue, bringing about changed carbohydrate metabolism during the course 
of host parasite relationship (Roy, 1979). Increase in total sugars in 
Meloidogyne infected cucumber and tomato roots was observed by Zino '^ec 
(1969) and Farooqi et al. (1980) respectively, probably, polysaccharides were 
responsible for marked increase in sugars of infected roots as compared to 
healthy ones (Wang and Bergeson, 1974). 
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SECTION - II 
Experiment No. 1 
Effect of root-knot nematode {Meloidogyne incognita) and root-rot 
fungus {Pythium aphanidermatum) on the disease development and 
plant growth of bottle gourd (Lagenaria leucanthd) 
Root-knot nematodes (Meloidogyne spp.) can pre-dispose the host plants 
to fungal infection. The fungus had an affinity towards hypertrophic and 
hyperplastic areas of galled tissue. In such tissue the mycelium grows more 
extensively than in non galled areas. Apt and Koike (1962) found synergistic 
interaction of Meloidogyne acrita and Pythium graminicola on sugarcane. 
Pythium aphanidermatum and Rhizoctonia solani were both found to interact 
with M. incognita on chilli, causing some loss of nematode resistance in ihe 
two cultivars tested (Hasan, 1985). Rotting of ginger roots by P. myriotylum 
was equally severe in the presence or absence of M incognita but the presence 
of the fungus decreased nematode reproduction (Lanjewar and Shukla, 1985). 
Anwar and Alam (1998) reported influence of M. incognita infection on 
incidence of P. aphanidermatum in tomato variety Pusa Ruby. They obser\'ed 
that the incidence of disease was greater in the presence of nematode. The 
present study was carried out to observe the effects of M incognita and P. 
aphanidermatum on bottle gourd alone and in combination of both the 
pathogens, on the growth of bottle gourd. The experiment was designed as per 
the following treatment scheme. 
Ti = Control 
T2 = Inoculated with 2000 J2 of M. incognita 
T3 = Inoculated with 2000 J2 and treated witii fungus one week 
after nematode inoculation 
T4 = Inoculated with 2000 h and treated with fungus 
simultaneously 
T5 = Inoculated with 2000 J2 and treated with fungus one week 
before nematode inoculation 
Materials and Methods 
Raising The Test Plant : (A) Axenization of Seeds : The seeds of 
Lagenaria leucantha were axenized by NaOCl method (Koenning and Barker, 
1985). About 250 seeds were poured into a 500ml sterilized beaker filled with 
1:1 mixture of 95% ethanol and 5.25% NaOCl. The mixture was stirred gently 
and the seeds were allowed to soak for about 8-10 minutes. The mixture was 
drained off and the seeds were rinsed with sterilized distilled water. 
(B) Seed Germination and Transplantation of Seedlings : About 10-12 
axenized seeds were placed on a moist sterilized filter paper kept in a sterili2ed 
petridish. The seeds were allowed to germinate for three days. Thiee 
germinated seeds were then transferred to clay pot of 30 cm diameter filled 
with steam sterilized soil (7 clay : 3 sand : 1 farmyard manure). The seedlings 
were thiimed to one seedling per pot, before inoculation. 
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Inoculation with nematode : When the seedlings became one week old, 
holes of 5-7 cm depth around the plant within a radius of 2 cm were made. 
Through these holes second-stage juveniles (2000 J2 per pot) were introduced 
with the help of sterilized pipette. 
Preparation of Fungal Inoculum and its Inoculation : The culture of 
Pythium aphanidermatum was obtained from Indian Agricultural Research 
Institue, New Delhi. It was maintained on Potato Dextrose Agar (PDA) slant. 
The constituent (Riker and Riker, 1936) are given below : 
Agar 17.00 g 
Potato peeled and sliced 200.00 g 
Dextrose 20.00 g 
Double distilled water 1000.00 ml 
Richard's medium (Riker and Riker, 1936) was used for mass production of 
P. aphanidermatum. The composition of Richard's medium is as follows: 
Potassium Nitrate (KNO3) 10.00 g 
Potassium Dihydrogen Phosphate (KH2PO4) 5.00 g 
Magnesium Sulphate (MgS04) 2.50 g 
Ferric Chloride (FeCb) 0.02 g 
Sucrose (C12H22O11) 50.00 g 
Double Distilled Water 1000.00 ml 
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The medium was prepared, filtered through muslin cloth and then 
sterilized in an autoclave at 15 lb. For 15 minutes in 250 ml coming flasks. 
The liquid medium was then inoculated with small amount of fungus 
maintained on PDA slants with the help of inoculation needle in an aseptic 
chamber. These inoculated flasks then kept in incubator at 25-28°C for about 
15 days to allow rapid growth of fungus for experimental studies. 
After enmassing of P. aphanidermatum on Richaid's medium , 100 g 
of mycelia were blended in 1000 ml of double distilled water in warring 
blender so that 10 ml of suspension contained 1 g of mycelia. The fungal 
suspension of P. aphanidermatum were then incorporated into the soil around 
the roots of Lagenaria, by making holes, 5-7 cm deep within the radius of 2 
cm. After inoculation of fungus these holes were then plugged with sterilized 
soil. The pots were then kept in glass house in a complete randomized block 
design. Regular watering was done to maintain soil moisture. Uninoculated 
plants served as control. The plants were then harvested 45 days after 
inoculation. After harvesting different parameters were noted and statistically 
analyzed. 
Plant Growth : After termination of the experiment, lengths , fresh weights 
and dry weights of roots and shoots of inoculated and uninoculated plants were 
determined. Root and shoot length of plant was measured with the help of 
meter scale. After taking fi-esh weights of the roots and the shoots these were 
kept in bamboo envelopes and placed in an incubator for 48 h at 80°C and 
weighed to obtain their dry weights. 
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Number of Flowers and Fruits : The number of flowers and fruits per plant 
of each treatment was counted by visual observation. 
Number of Galls per Plant: The number of galls per plant were counted by 
visual observation. 
Leaf Area : Leaf area was ascertained by gravimeteric method. The leaf area 
of few leaves from each treatment was determined by tracing on a graph paper 
sheet and dry weight for these leaves was recorded, the leaf area per plant was 
computed by using leaf dry weight per plant and the dry weight of those leaves 
for which the area was evaluated using the following formula! 
LA,xW2 
LA. = 
W, 
LAi = Leaf area of the leaves traced on graph paper. 
Wi = Dry weight of the leaves for which area was traced on a graph 
paper. 
W2 = Total leaf dry weight per plant. 
Estimation of Chlorophyll : The amount of chlorophyll a, b and total 
chlorophyll was estimated. The method of chlorophyll estimation was 
described earlier in experiment no. 3 of section I. 
Histopathological Studies 
From the infected roots the galls were selected for histopathological 
studies. Selected galls from each treatment were fixed in foimalin aceto alcohal 
(F.A.A.) and then dehydrated through tertiary butyl alcohol (T.B.A.) schedule 
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(Johansen, 1940). The galls were infiltrated with paraffin oil, after dehydration, 
and then embedded in paraffin wax. The embedded galls were then trimmed to 
small blocks and then fixed on wooden blocks. About 10-12 \im thick sections 
were obtained with the help of rotary microtome. The sections were mounted 
on the slide and then kept in an incubator at 40°C for 24 hrs (Johansen, 1940). 
The sections were stained with safranin and fast green as described by Sass 
(1951). Anatomical details were observed under light microscope and 
necessary photographs were taken. 
RESULTS 
Root and shoot length: The root and the shoot length decreased significantly 
in all the treatments when compared with control. Maximum reduction in the 
length of both root and shoot in comparison to control was noticed in Tj plants. 
In comparison to control there was a significant (P < 0.01) reduction in the root 
and shoot length in T4 plants. A significant (P < 0.01) reduction in comparison 
to control occurred in T2 and T5 plants. 
The root and the shoot lengths of T3 and T4 plants significantly (P < 
O.Ol) decreased, when compared with only nematode inoculated (T2) plants. 
The root and the shoot length of nematode inoculated plants which were also 
inoculated with Pythium aphanidermatum, one week before nematode 
inoculation, decreased significantly (P < 0.05) in comparison to only nematode 
inoculated plants (Table-5). 
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Root and Shoot weight: The fresh and dry weights of both roots and shoots 
of Lagenaria leucantha decreased significantly (P < 0.01) in T2 plants as a 
result of infection of M. incognita when compared with control plants. In 
comparison to control, there was a significant (P < 0.01) reduction in the fresh 
and dry weights of both root and shoot of T3 plants. The fresh and dry weights 
of both root and shoot decreased significantly (P < 0.01) in comparison to 
control in T4 and T5 plants. 
In comparison to T2 plants a significant (P < 0.01) reduction in the fresh 
and dry weights of both root and shoot was noticed in T3 and T4 plants. As 
compared to nematode inoculated plants (T2), a non-significant decrease in the 
weights of root and shoot had occurred in T5 plants (Table-5). 
Number of flowers: The number of flowers per plant decreased significantly 
(P < 0.01) in T2 plants when compared to control. A significant (P < 0.01) 
reduction in comparison to control was observed in T3 and T4 plants. As 
compared to control the number of flowers per plant decreased significantly (P 
< 0.01) in T5 plants. 
Meloidogyne incognita infected plant (T2) which were not inoculated 
with P. aphanidermatum produced flowers in large number. The number of 
flowers decreased significantly (P < 0.01) in T3 and T4 plants when compared 
to nematode inoculated (T2) plants. A significant (P < 0.05) reduction in the 
number of flowers was noticed in T5 plants when compared with T2 plants 
(Table-5). 
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Number of Fruits: The number of fruits per plant decreased significantly (P 
< 0.01), in comparison to control, in nematode inoculated (T2) plants. A 
significant (P < 0.01) reduction in the number of fruits was also observed in T3 
and T4 plants, when compared with control. There was a significant (P < 0.01) 
decrease in the number of fruits per plant in T5 plants as compared to control 
plants. 
The number of fruits per plants decreased significantly (P < 0.01) in Ti 
and T4 plants when compared with nematode inoculated (T2) plants. A 
significant (P < 0.01) reduction in the number of fruits in T5 plants was noticed, 
when compared with T2 plants (Table-5). 
Leaf Area: Leaves of control plants were large in size. In comparison to 
control, leaf area decreased significantly (P < 0.01) in T2 plants. The leaf area 
of T3, T4 and T5 plants decreased significantly (P < 0.01), when compared with 
control. The leaves of T3 and T4 plants were small and their leaf area was 
significantly (P < 0.01) lower than T2 plants. A significant (P < 0.01) reduction 
in the leaf area of T5 plants was observed when compared with only nematode 
inoculated (T2) plants (Table-5). 
Number of galls: Maximum number of galls were found in plants inoculated 
with nematodes 7 days prior to fungal inoculation, followed by simultaneous, 
nematode alone and fungus prior + nematode post respectively. 
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Chlorophyll content: There was a significant (P < 0.01) decrease in the 
chlorophyll content of leaves of T2 plants, when compared with control. A 
significant (P < 0.01) reduction in the chlorophyll content of the leaves in 
comparison to control was observed when plants were inoculated with M 
incognita first and P. aphanidermatum after one week. In comparison to 
control there was a significant (P < 0.01) decrease in the chlorophyll content of 
leaves of T4 and T5 plants. 
On comparing with nematode inoculated plants (T2), the chlorophyll 
content of the leaves of L. leucantha decreased significantly (P < 0.01) in T3 
and T4 plants. A significant (P <_0.01) reduction in the chlorophyll content of 
the leaves was noticed in the treatment (T5) where plants were inoculated with 
fungus first and nematode after one week (Table-5). 
Protein content: In comparison to control, the protein content of the plant 
decreased significantly in nematode inoculated plants (T2). A significant (P < 
0.01) reduction in the protein content of the plant was observed in T3 and T4 
plants when compared with control. The protein content of the plant was 
decreased significantly (P < 0.01) in the treatment (T5) where plants were 
inoculated with fungus first and nematode after one week in comparison to 
control plants. 
The protein content of the plant was reduced significantly (P < 0.01) in 
the treatments Tj and T4 when compared with nematode inoculated plants (T2). 
A significant (P < 0.01) decrease in the protein content was noticed in T5 plants 
when compared with T2 plants (Table-5). 
HISTOPATHOLOGY 
Normal Root of Lagenaria leucantha. The root system of Lagenaria 
leucantha consists of the tap root system with a large number of lateral 
branches. These secondary lateral branches further divide profusely resulting in 
a highly branched root system. Histologically the primary roots of L leucantha 
consist of uniseriate epidermis, multilayered parenchymatous cortex, and stele. 
The stele in primary root may be diarch, triarch but generally tetrach, 
displaying a typical dicotyledonous pattern. The vascular elements, xylem and 
phloem, are radially arranged alternating with one another. There is also a 
small pith consisting of parenchyma cells at the centre of the four xylem arches 
(Fig. 41). 
Secondary growth initiation in the L leucantha roots takes place when 
the vascular cambium starts functioning. The vascular cambium appears first 
on the inner side of the primary phloem and then on the outer side of the 
primary xylem strands. Soon the two cambia are joined so that a continuous, 
but a wavy ring is formed. Once the cambial ring is complete, it begins to form 
secondary vascular tissues; secondary xylem centripetally and secondary 
phloem centrifiigally. As a result of differentiation of xylem and phloem in the 
two directions the wavy ring of cambium assumes a circular outline in 
transverse section. The secondary vascular tissues so formed make two 
continuous cylinders, phloem being an outer and xylem an inner cylinder. As 
the secondary growth progresses, the pith and primary phloem are crushed. 
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The root-knot nematode, M incognita, produced distinct galls on the 
roots of L leucantha. After penetration into the roots, the nematode induced 
hypertrophy and hyperplasia in and around the vascular tissues. The 
longitudinal section of the galled portion of the root revealed the occurrence of 
giant cells, a fiilly mature female nematode, enormous amount of abnormal 
xylem, and abnormal phloem adjacent to the giant cells (Fig. 42). The giant 
cells enclosed large nuclei and, dense granular cytoplasm. The head of the 
nematode was in one of the giant cell of the giant cell complex. All the mature 
females were associated with egg masses. The abnormal xylem comprised of 
normally produced but abnormally oriented secondary xylem, and the xylem 
transformed from parenchyma cells. The abnormal phloem was associated with 
giant cells was not pushed outward. 
The galled root anatomy of T3 plants revealed the presence of hyphae of 
Pythium aphanidermatum. The fungal hyphae were observed around the root 
surface. Some hyphae entered into the root tissue and grew inter and intra 
cellularly. The fungal hyphae were noticed in the cortex and the stele. The 
hyphae reached to the xylem strands. The passage made by the nematode was 
used by the growing fungal hyphae. The surface of the root-knot nematode also 
had fungal hyphae (Fig. 43). The giant cells, abnormal xylem and phloem 
resembled with the tissues of T2 plants. The amount of abnormal xylem was 
comparatively less in T3 than T2 plants. 
The simultaneous application of root-knot and P. aphanidermatum (T4) 
revealed that the fungus was present in abundance in the cortex as well as in 
the stele (Fig. 44). In the stelar region, the fungal hyphae invaded giant cells, 
parenchyma and the xylem elements. The hyphae grew in the lumen of the 
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vessel elements of normal and abnormal xylem (Fig. 44). The giant cells and 
other affected tissues in the galled region resembled with those of the T2 plants. 
In the plants where P. aphanidermatum treatment was given one week 
before nematode incoulation (T5) the fungal hyphae were observed in all the 
tissues from the cortex to the stele. The fungal hyphae were observed near the 
giant cells, in the xylem and in the soft tissues. The ftingal growth was more 
profuse at the root surface (Fig. 45). 
DISCUSSION 
Root-knot nematode {Meloidogyne incognita) caused significant 
reduction in the length, fresh weight and dry weight of the plants of bottle 
gourd (Lagenaria leucantha). Significant reduction in the growth of the plants 
had occurred due to deleterious effects of the disease on the roots as well as on 
the shoots. In the presence of the fungus Pythium aphanidermatum, reduction 
in the growth of the plant was enhanced. Inoculation of plants with the fungus 
after one week of nematode inoculation (T3) seems to be more injurious than 
simultaneous inoculation (T4) or inoculation with nematode after one week of 
ftmgal inoculation (T5). From these observation it might be suggested that 
nematode first predisposed the plant and later on the fungus took the advantage 
and further aggravated the disease severity of the plant. These results have been 
found to be in accordance with the work carried out by Powell and Nusbaum 
(1960); Brodie and Cooper (1964); Mayol and Bergeson (1970); Melendez and 
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Powell (1970); Powell (1971); Wang and Bergeson (1974); James and James 
(1977). 
The sedentary females of Meloidogyne spp. establish their feeding sites 
in the cells of xylem parenchyma bringing about significant changes in the 
morphology, anatomy and biochemistry of the host plant. Thus,it is probably 
the major site of interaction between the host and the pathogens (Mai and 
Abawi, 1987). Giant cells induced by Meloidogyne remain highly metabolic 
active through the continuous stimulation by the nematode (Webster, 1975). 
They contain maximum DNA, RNA and photosynthates about three to four 
weeks after infection (Bird, 1972). Concentration of sugars is also greater 
during the late stages of infection (Wang, 1973). The concentration of 
hemicellulose, organic acids, free amino acids, protein and lipids are much 
higher in giant cells. This enriched medium benefits the fungal pathogens in 
their interactions with root-knot nematodes. 
Inhibition of tylose formation by root-knot nematodes is also offered as 
a possible mechanism for increased wilt severity. Tyloses formed in the xylem 
vessels by expansion of xylem parenchyma through the pits do not develop 
from xylem parenchyma cell which are transformed into giant cells or 
physiologically altered adjacent cells (Webster, 1985). 
Nematodes by wounding, provide the fimgal pathogens access to root 
tissue (Inagaki and Powell, 1969). The lesions caused by lesion or burrowing 
nematodes or invasion tracks formed by penetrating juveniles of root-knot or 
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cyst nematodes provide a better substratum for establishment and colonization 
of the fungal pathogens (Booth and Stover, 1974; Polychronopoulos et ai, 
1969). Further physiological alterations by the nematode improve the nutrient 
status of the host for the fungal pathogens. 
Leaf area of the plants of bottle gourd was significajitly reduced when 
compared with control. Thus, it might be proposed that fungus plus nematode 
inoculation caused harmful effects on leaf development. As for as yield is 
concerned, nematode inoculated plants exhibited significant reduction in the 
number of flowers and number of fruits as compared to control plants. Thus 
yield in terms of number of fruits produced on the plants, was found to be most 
severely affected on T3 plants. On T4 and T5 plants reduction in yield was also 
significant but was lower than T3 plants. This indicated that fungus plus 
nematode inoculation does not affect the only vegetative growth of the plants 
but also interferes in the formation of flowers and in the development of the 
fruits. From this it might be suggested that presence of fungus along with the 
nematode is more harmful than the presence of nematode alone. Similar results 
have been reported by Apt and Koike (1962); Brodie and Cooper (1964); 
Littrell and Johnson (1969); Melendez and Powell (1970); Bergeson (1972); 
Garcia and Mitchell (1975); Anwar and Alam (1998). 
Biochemical analysis in terms of amount of chlorophyll in the leaves 
and protein content in the whole plant indicated that the T2 plants inoculated 
with nematode exhibited significant reduction. This reduction was, however, 
lower as compared to T3,T4 and T5 plant in which fungal inoculation was also 
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made. Among T3, T4 and T5 treatments, it was found that reduction in total 
chlorophyll and total protein was maximum in the treatment T3. 
Histological examinations of the roots infected with M. incognita 
revealed the occurrence of mature females in the stelar region. It caused, the 
formation of discrete giant cells which were having dense cytoplasm. The 
amount of xylem mostly comprising of abnormal vessel elements was higher. 
The tissues within affected zone exhibited hyperplastic and hypertrophic 
responses. The mature females were associated with the egg masses. All these 
observations led to the conclusion that M incognita, after inducing giant cells, 
formed an abnormal tissue near the giant cell. All these anatomical changes, 
due to root-knot nematode infection have been reported by several workers like 
Brodie and Cooper, 1964; Littrell and Johnson, 1969; Johnson and Littrell, 
1970; Melendez and Powell, 1970; Powell et al., 1971; Garcia and Mitchell, 
1975; James and James, 1977; Lanjewar and Shukla, 1985 and Abul Hasan, 
1985. Incorporation of Pythium in addition to M. incognita into the soil resulted 
in severe damage to the plants. The damages caused by the nematodes and the 
fungus were significantly high when the fungus was applied one week after of 
nematode inoculation. In such plants, the galls exhibited extensive inter and 
intra-cellular growth of the fungus, into the tissues. It was probably due to the 
fact that the penetration of the nematode made a passage that was used for the 
penetration and development of the fungus P. aphanidermatum. In other words 
the nematode predisposed the plants for fungal invasion, growth and 
development. Predisposition of plants by the nematode, M incognita has been 
advocated by Brodie and Cooper, 1964; Littrell and Johnson, 1975. 
107 
In simultaneous inoculation, the fungus entered the root tissue grew inter 
and intra-cellularly. The fungus caused more damage to the plant. It suppressed 
egg mass production and thus secondary infection by the nematode was 
checked. Johnson and Littrell (1970) observed suppression of egg mass 
production of M incognita on chrysanthemum. 
In the treatment, where fungus was inoculated one week before 
nematode inoculation, the nematode invaded the plants from where fungus had 
entered. From this findings it might be concluded that fungus predisposed the 
plants for the nematodes. The fungal hyphae enmassed on the surface of the 
roots. Predisposition by fungus for nematode has also been reported by Abul 
Hasan (1985) on Capsicum annuum. Thus, fungus if applied earlier 
predisposes for nematode and nematodes if invade plants earlier, they 
predispose for fungus. Under field conditions, it has been found that fungus 
predisposes for nematode and vice versa (Johnson and Littrell, 1970). Fungal 
infection break resistance of nematode resistant plants and nematode infection 
breaks resistance of fungus resistant plants. 
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SECTION- III 
Experiment No. 1 
Effect of fly ash amended soil on the plant growth, yield, chlorophyll 
pigment and protein content of Lagenaria leucantha 
The coal based Thermal Power Plants emit fly ash, which is collected in 
large pits. The fly ash spreads in the surrounding areas. It alters the soil quality 
affecting physical and chemical characteristics. The amended soil produces 
harmful affects on the vegetation depending upon the extent of the deposition. 
The Thermal Power Plant, Kasimpur, was selected as the pollution source for 
this study. The soil, in windward direction of this Power Plant was found to 
have heavy depositions of fly ash. In this experiment effects of fly ash, on 
growth of Lagenaria leucantha and development of root-knot nematode 
(Meloidogyne incognita) have been examined. The experiment was performed 
in glass house. An amended soil was prepared by adding varying but constant 
concentration of fly ash into the soil. 
Materials and Methods 
Physical and Chemical Analysis of Fly ash: The physical and chemical 
properties of the fly ash obtained from Kasimpur Thermal Power Plant, were 
analyzed by different methods. The texture of the fly ash in relation to particle 
size was determined by hydrometer method (Allen et al., 1974). For electrical 
conductivity of fly ash, conductivity meter (Elico., Co. Ltd., Hyderabad, India ) 
was used. The pH was measured with pH meter by using an extract prepared 
from 1:1 fly ash / water suspension (w/v). Total organic carbon, total nitrogen 
and total phosphorus were analyzed by Degtjareff method (Walkey and Black, 
1934), microkjeldahl method (Nelson and Sonmiers, 1972) and molybdenum 
blue method (Allen et ai, 1974), respectively. The total metal elements were 
determined by mixed acid digestion using cone. HNO3 and cone. H2SO4 and 
HCIO4 followed by atomic absorption spectrophotometry (Allen etai, 1974) 
Soil amendment with Fly ash: Sterilized sandy loam soil (7 clay : 3 sand : 
1 farmyard manure) was amended by adding fly ash in different proportions 
(v/v) i.e. 0% (control), 10% , 20% , 30%, 40% and 50% to carry out 
experiments in the first year. In the second and the third years same soil was 
used except that farmyard manure was added proportionately. 
Plant Culture and Treatments: Seeds of Lagenaha leucantha obtained 
from National Seed Corporation, New Delhi were axenized with 0.5% NaOCl 
solution. The seeds were then transferred to sterilized petridishes on moist filter 
paper for germination. The sprouted seed were then transferred to clay pots of 
30 cm diameter having steam sterilized soil amended with fly ash. The 
inoculations were performed when the seedlings were three weeks old. Each 
treatment consisted of five replicates and the pots were kept in a randomized 
complete block design in the glass house. Uninoculated plants served as 
control. 
Plant Growth : After termination of the experiment, lengths , fresh weights 
and dry weights of roots and shoots of inoculated and uninoculated plants were 
determined. Root and shoot length of plant was measured with the help of 
meter scale. After taking fresh weights of the roots and the shoots these were 
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kept in bamboo envelopes and placed in an incubator for 48 h at 80° C and 
weighed to obtain their dry weights. 
Number of Flowers and Fruits : The number of flowers and fruits per plant 
of each treatment was counted by visual observation. 
Leaf Area : Leaf area was ascertained by gravimeteric method. The method 
of leaf area measurement was already described in experiment no. 1 of section 
II. 
Estimation of Chlorophyll : The amount of chlorophyll a, b and total was 
estimated. The method of chlorophyll estimation was described earlier in 
experiment no.3 of section -I. 
Estimation of Protein : The amount of soluble and insoluble protein was 
determined according to the method of Lowry et al. (1951). The method 
protein estimation was described earlier in experiment no. 3 section -I. 
RESULTS 
Fly ash analysis: The fly ash emanated from the Thermal Power Plant was 
alkaline in nature and its electrical conductivity was 9.84mmhos.cm"'. Textural 
analysis indicated that the amount of silt size particles was greatest followed by 
sand and clay size particles. The organic carbon and nitrogen of the fly ash 
were 0.07% and 0.05%, respectively. Several elements like Pb, Ni, Mn, Co, B, 
Cu, K, Cr, Cd, Zn and Fe were also present in the fly ash. The concentration of 
K, Mn and B was higher than other metal elements (Table-6). 
I l l 
Root and shoot lengths: I Year: The roots and shoots of Lagenaria 
leucantha showed variable growth responses towards the soils containing 
varying fly ash levels. In comparison to control, a non-significant increase was 
observed at 10% and 20% fly ash levels. At 30% fly ash level, there was a 
significant (P < 0.05) increase in the root and shoot length, in comparison to 
control. A non-significant increase in the root and shoot length was also 
observed at 40% fly ash level when compared with control. In comparison to 
control, a significant (P < 0.01) reduction in the root and the shoot lengths was 
observed at 50% fly ash level (Table-8). 
II Year: In comparison to control, a non-significant increase was observed in 
the root and shoot length of the plants grown in 10% and 20% fly ash amended 
soils. A significant (P < 0.05) increase in the root and shoot length was 
observed at 30% fly ash level when compared with control. A non-significant 
decrease, in comparison to control was observed at 40% fly ash level and at 
50% fly ash level the reduction was significant (P < 0.01) (TabIe-9). 
III Year: In the third year, a non-significant decrease was observed in the 
length of the roots and the shoots at 10%, 20% and 30% fly ash levels, when 
compared with control. Significant reductions (P < 0.05) at 40% fly ash level 
(P < 0.01) at 50% level were observed in the length of the root and the shoot 
(Table-10). 
Roots and shoot weights: I Year: The root and the shoot weights non-
significantly increased at 10% and 20% fly ash levels, in comparison to control. 
A significant (P < 0.05) increase at 30% fly ash level was observed in the root 
and the shoot weights, when compared with control. At 40% fly ash level there 
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was a non-significant increase in the root and the shoot weights, in comparison 
to control plants. A significant (P < 0.01) reduction in the root and the shoot 
weight was also observed at 50% fly ash level, when compared with control 
(Table-8). 
II Year: In comparison to control, a non- significant increase in the root and 
shoot weight was observed at 10% and 20% fly ash levels. At 30% fly ash level 
there was a significant (P < 0.05) increase in the root and shoot weight, when 
compared with control. A non-significant decrease in the root and shoot 
weights was observed, in comparison to control, at 40% fly ash level. At 50% 
fly ash level there was a significant (P < 0.01) decrease in the root and shoot 
weight, when compared with control (Table-9). 
III Year: The root and shoot weights non-significantly decreased at 10%, 
20% and 30% fly ash levels. There was a significant (P < 0.05) decrease in the 
root and shoot weight, in comparison to control at 40% fly ash level; a 
significant (P < 0.01) reduction was also observed at 50% fly ash level (Table-
10). 
Number of flowers per plant: I Year: The number of the flowers 
increased non-significantly at 10% and 20% fly ash levels, when compared 
with control plant. In comparison to control, a significant (P < 0.05) increase in 
the number of flowers per plant at 30% fly ash level, and a non-significant 
increase at 40% level was observed. A significant (P < 0.01) decrease was 
observed at 50% fly ash level, when compared with control (Table-8). 
II Year: In comparison to control, a non-significant increase was observed in 
the number of flowers of plants grown in soil containing 10% and 20% fly ash. 
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At 30% fly ash level a significant (P < 0.05) increase in the number of flowers 
was observed. A non-significant decrease in the number of flowers was 
observed at 40% fly ash level, in comparison to control. At 50% fly ash level 
there was a significant (P < 0.01) decrease in the number of flowers when 
compared with control (Table-9). 
Ill Year: There was a non-significant decrease in the number of flowers per 
plant at 10%, 20% and 30% fly ash levels, in comparison to control. A 
significant (P < 0.05) reduction in the number of flowers per plant occurred at 
40% fly ash level, when compared with control. The reduction was also 
significant (P < 0.01) at 50% fly ash level as compared to control (Table-10). 
Number of fruits per plant: I Year: The number of fruits per plant 
increased non-significantly at 10% and 20% fly ash levels, when compared 
with control. A significant (P < 0.05) increase in the number of fruits per plant 
was observed at 30% fly ash level in comparison to control. A non-significant 
increase in comparison to control, was noticed at 40% fly ash level; there was a 
significant (P < 0.01) reduction in the number of fiiiits at 50% fly ash level 
(Table-8). 
II Year: There was a non-significant increase in the number of flowers per 
plant at 10% and 20% fly ash levels, when compared with control. A 
significant (P < 0.05) increase, in comparison to control, was noticed at 30% 
fly ash level. At 40% fly ash level there was a non- significant decrease in the 
number of fruits per plant, when compared with control. A significant 
(P < 0.01) decrease in the number of fruits per plant was noticed at 50% fly ash 
level (Table-9). 
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Ill Year: The number of fruits decreased non-significantly at 10%, 20% and 
30% fly ash levels, when compared with control. At 40% fly ash level, a 
significant (P < 0.05) reduction in the number of fruits, in comparison to 
control was noticed. A significant (P < 0.01) reduction in the number of fruits 
was also observed at 50% fly ash level, when compared with control (Table-
10). 
Leaf area: I Year: The leaf area increased non-significantly at 10% and 20% 
fly ash levels, in comparison to control. A significant (P < 0.05) increase in the 
leaf area occurred at 30% fly ash level. At 40% fly ash level a non-significant 
increase, in comparison to control, was noticed in the leaf area of the plants. A 
significant (P < 0.01) reduction in the leaf area was observed at 50% fly ash 
level, when compared with control (Table-8). 
II Year: In comparison to control, a non-significant increase in the leaf area 
was observed at 10% and 20% fly ash levels. A significant (P < 0.05) increase 
in the leaf area was noticed at 30% fly ash level when compared with control. 
At 40% fly ash level there was a non-significant decrease in the leaf area, in 
comparison to control. There was a significant (P < 0.01) decrease in the leaf 
area at 50% fly ash level, when compared with control (Table-9). 
III Year: The leaf area non-significantly reduced at 10%, 20% and 30% fly 
ash levels, when compared with control. At 40% fly ash level there was a 
significant (P < 0.05) reduction in the leaf area, in comparison to control. At 
50% fly ash level a significant (P < 0.01) decrease in the leaf area was also 
observed when compared with control (Table-10). 
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Chlorophyll content: I Year: The chlorophyll content of the leaves of the 
plant non-significantly increased at 10% and 20% fly ash level when compared 
with control. At 30% fly ash level a significant (P < 0.05) increase was noticed 
in the chlorophyll content of the leaves in comparison to control. A non-
significant increase in the chlorophyll content was observed, in comparison to 
control, at 40% fly ash level. A significant (P < 0.01) decrease in chlorophyll 
content occurred at 50% fly ash level (Table-8). 
II Year: There was a non-significant increase in the chlorophyll content of the 
leaves of the plants grown in 10% and 20% fly ash amended soils. A 
significant (P < 0.05) increase in the chlorophyll content occurred, in 
comparison to control, at 30% fly ash level. At 40% fly ash level a non-
significant decrease was observed in the chlorophyll content of leaves, when 
compared to control. In comparison to control, a significant (P < 0.01) decrease 
was noticed in the chlorophyll content of the leaves at 50% fly ash level 
(Table-9). 
III Year: In comparison to control, there was a non-significant decrease in the 
chlorophyll content of the leaves at 10%, 20% and 30% fly ash levels. A 
significant (P < 0.05) reduction in the chlorophyll content of leaves occurred at 
40% fly ash level when compared with control. At 50% fly ash level there was 
a significant (P < 0.01) decrease in the chlorophyll content of the leaves (Table-
10). 
Protein content: I Year: In comparison to control, there was a non-
significant increase in total protein at 10% and 20% fly ash levels. A significant 
(P < 0.05) increase in protein content occuixed at 30% fly ash level when 
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compared with control. At 40% fly ash level there was a non-significant 
increase, in comparison to control. A significant (P < 0.01) reduction, in 
comparison to control, was also observed at 50% fly ash level (Table-8). 
II Year: A non-significant increase was observed in total protein content at 
10% and 20% fly ash levels, when compared with contiol. A significant 
(P < 0.05) increase in the protein content was observed at 30% fly ash level, in 
comparison to control. At 40% fly ash level a non-significant decrease in the 
protein content in comparison to control was noticed. A significant 
(P < 0.01) decrease in the protein content in comparison to control had 
occurred at 50% fly ash level (Table-9). 
III Year: The total protein content of the plant non-significantly reduced at 
10%, 20% and 30% fly ash levels, when compared with control. At 40% fly 
ash level there was a significant (P < 0.05) reduction in total protein content, 
when compared with control. A significant (P < 0.01) reduction, in comparison 
to control, was observed in the protein content at 50% fly ash level (Table-10). 
DISCUSSION 
Application of fly ash into the soil, in different concentiations, produced 
both beneficial and harmful effects on plant growth, yield, leaf area, leaf 
pigments and protein content of Lagenaria leucantha var. Kasturi. The data 
(Table- S) revealed that an increase in the rate of application of fly ash from 
10% to 30% level improved plant growth in the first year. Increase in growth 
parameters, amount of chlorophyll pigments, and protein content and yield 
was significant only at 30% fly ash level. It was, however, non-significant at 
10% and 20% levels. From this finding it might be inferred that the soil became 
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more suitable for the plant growth due to change in physico-chemical 
characteristics of the amended soil. In our study 30% fly ash level proved to be 
optimally useful for the plant growth. The observed responses of plants are in 
line with the results of other experiments carried out by Mishra and Shukla 
(1986) on maize and soybean; Khan and Khan (1989) on tomato; Pasha et al. 
(1990) on cucumber; Singh (1993) on soybean; Khandkar et al. (1996) on rice, 
soybean and black gram; Srivastava et al. (1995) on Lactuca sativa; Krejsl et 
al. (1996) on bean; Tripathy and Sahu (1997) on wheat; Tripathy and Tripathy 
(1998) on Albizzia procera and Acacia nilotica; Kalra et al. (1998) on wheat, 
chickpea, mustard and lentil; and Bharti et al. (2000) on green gram. Similar 
results were also reported by Plank and Martens (1973); Plank et al. (1975); 
Schnappinger et al. (1975); Martens and Beahm (1976); Elseewi et al. 
(1978a,b; 1980). Seedlings of some trees and shrubs had shown luxuriant 
growth in fly ash amended soils (Hodgson and Towns, 1973; Scanlon and 
Duggan, 1979). In the present study, the increase in plant growth, chlorophyll 
content of the leaves, protein content, flowering and fruiting, in the soil having 
10% to 30% fly ash, might be attributed to the presence of utilizable plant 
nutrients in fly ash. Druzina et al., 1983 advocated the presence of 
phytoutilizable nutrients in fly ash. Martens and Beahm (1978) observed 
increase in growth of plant and yield. The fly ash neutralizes the acidity of soil 
where the pH of soil is low; it increases ion exchange capacity, water holding 
capacity and porosity of the amended soil (Jones and Straughan, 1978; Adriano 
et al., 1980; Elseewi et al., 1981). 
The fly ash of Kasimpur Thermal Power Plant was found to contain 
some utilizable nutrients like zinc, potassium, boron mangnese etc., (Pasha, 
118 
1990). These nutrients might have increased the plant growth and yield of 
bottle gourd. Higher level of fly ash (50%) was found to be harmful for the 
plant growth and yield. High alkalinity and excess of mineral elements in fly 
ash might have caused toxic effects on plant growth, which led to poor yield, at 
higher levels. At higher rates of fly ash application adverse effects of fly ash on 
plant growth, have been attributed to these micro-nutrients particularly boron 
(B) (Capp and Engle, 1967; Capp and Faber, 1970; Mulford and Martens, 
1971; Adrian© et al., 1980). The harmful effects of fly ash at higher 
concentration might also be due to toxic effects of the compounds like 
dibenzofuran and dibenzo-p-dioxin mixture and heavy metals found in fly ash. 
(Kamath, 1979; Helder et al., 1982; Mishra and Shukla, 1986; Wong and 
Wong, 1986). Adverse effects of higher concentration of fly ash on plant 
growth and yield of several crops were reported by different workers (Mishra 
and Shukla, 1986; Singh, 1989; Pasha et al, 1990; Singh, 1993; Singh et al, 
1994; Khan and Khan, 1996; Kalra et al., 1998). Phytotoxicit^/ due to excessive 
uptake of boron in fresh bean and rhodes grass was reported by Aitken and Bell 
(1985). Excessive uptake of the elements and subsequent accumulation in the 
plant might have caused reduced growth and yield of bottle gourd. MetalHc 
elements like Ni, Ar, Cd, Cr, Pb, Se, Zn, Cu etc., (Wong and Wong, 1986), 
which are reported to occur in fly ash, might have contributed towards poor 
growth and yield of bottle gourd at higher levels of fly ash. 
Addition of 50% fly ash to the soil changes physical characteristics of 
the soil; porosity of soil decreases and water holding capacity increases since 
the normal soil is sandy loam and the texture of the fly ash is loamy. The 
change in texture and other physical characteristics of the soil might be 
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disadvantageous to bottle gourd, which grows luxuriantly in sandy loam soil. 
Probably, physiological and biochemical activities of the plants had been 
iirfluenced by the fly ash amendments. Leaf pigments (chlorophyll a and b) 
and protein content of bottle gourd increased with increase in fly ash level upto 
40% but decreased at 50% level. At lower fly ash level increase in chlorophyll 
content in the leaves might be because of increase in leaf surface area. 
However, higher fly ash levels were probably injurious to the plant and caused 
reduction in chlorophyll content. Higher amount of protein content at lower fly 
ash levels might be attributed to increased chlorophyll content. Since the plant 
growth increased, therefore the plants, probably, synthesized more enzymes 
and other structural proteins. Similar responses had been observed by Mishra 
and Shukla (1986) on maize and soybean; Pasha et al. (1990) on cucumber; and 
Singh (1993) on soybean. Nitrogen was altogether absent in fly ash (Adriano et 
al., 1980), therefore chlorophyll pigments of bottle gourd might have affected 
adversely because of insufficient availability of enzymes. Reduction in protein 
content of the plant is quite obvious because of less availability of nitrogen. 
Singh (1988) and Pasha (1990) found a positive correlation between leaf 
pigments and plant growth. 
The present study showed that amendment of soil with the concentration 
of the fly ash upto 30% was beneficial for plant growth, yield, leaf pigment, 
protein content of bottle gourd and toxic at higher level. 
In the second year, significant difference in comparison to control, was 
not observed at 10% and 20% levels. Even at 30% level, which had shown a 
significant increase in the first year, exhibited a non-significant increase in the 
second year. The total yield of the crop increased non-significantly in the 
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second year at 10%, 20% and significantly at 30% level. At higher levels of fly 
ash, the yield reduced non-significantly at 40% and significantly at 50% level. 
Similar trend of increase and decrease was also observed in leaf area, 
chlorophyll pigment, and protein content of L lencantha. Highest amomit of 
chlorophyll pigment and protein contents at 30% level and lowest at 50% level 
might be due to the fact that the soil had lost most of its nutritive elements in 
the first year which were unavailable in the next year. Further it might be 
considered that excessive amount of heavy metals as well as micro-nutrients 
which had retained in the soil caused harmful effects on the plants. Plank and 
Martens (1973); Schnappinger et al. (1975); Elseewi et al. (1978a,b; 1980); 
Mishra and Shukla (1986); Khan Khan (1989); Singh (1993); Tripathy and 
Sahu (1997); Kalra et al. (1998) and Bharti et al. (2000) suggested that low 
levels of fly ash were beneficial for the plant growth and yield. They did not 
mention for how long the amended soil would remain beneficial or after how 
long the soil would require the same amount of fly ash to regain its nutritive 
status. In either the case, the soil texture would be affected (Table-7). 
Lagenaha leucantha showed retardation in plant growth, yield, 
chlorophyll pigment and protein content in the third year. A non-significant 
reduction occurred in plant growth at 10%, 20% and 30% level while a 
significant reduction was observed at 40% and 50% levels, when compared 
with control. The yield of the crop was also found to be reduced, non-
significantly, at 10%, 20% and 30% levels. A non-significant decrease in the 
chlorophyll pigment and protein content was noticed at 10%, 20% and 30% 
levels while a significant reduction was observed at 40% and 50% levels. 
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Increase in plant growth at lower fly ash levels was upheld by several 
workers like Neeta et al. (1997) on Hardwickia binata; Singh et al. (1997) on 
Albizzia procera; Kuchnawar and Matte (1997) on groundnut and Malewar et 
al. (1998) on nilgiri, neem, custard apple and jamun. But their studies were 
converged only on one year. In the third consecutive year, our findings are in 
contrary to all the above mentioned work. In comparison to control, reduction 
in all the parameters at all the fly ash levels might be attributed to (i) change in 
texture of soil (ii) increase in pH of soil (iii) reduction in porosity of soil (iv) 
presence of heavy metals (v) presence of toxic substances in fly ash amended 
soil. Our findings are further strengthened by comparing the results of the first 
year with the second and the third year. It was found that plants exhibited 
reduction in the growth and yield almost at all the fly ash levels in the second 
and the third year, when comparison was made with results of first year. 
Reduction in all parameter was highest at 50% fly ash level in the third year 
than the second year. The chlorophyll pigment and protein content were also 
reduced non-significantly at 10% fly ash level, and significantly from 20% to 
50% level, when compared with the first year. From our results, it might be 
suggested that due to poor availability of nitrogen, the growth of the plant was 
retarded and also the chlorophyll pigment and protein content were reduced in 
the third year. Singh (1988) and Pasha (1990) found a positive correlation 
between plant growth and chlorophyll pigments. 
In all the parameters studied in the first year, an increasing trend was 
observed fi^om 10% to 40% fly ash level, as compared to control. Increase was 
significant only at 30% fly ash level. However a significant reduction was 
observed at 50% fly ash level. Our results are in accordance with those of 
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Mishra and Shukla (1986); Pasha et al. (1990) Khandakar et al. (1996); Neeta 
et al. (1997) Singh et al. (1997), Kuchnawar and Matte (1997) and Malewar et 
al. (1998). The increase in all the parameters of the plant ifrom 10% to 30% fly 
ash level might be attributed to the presence of utilizable nutrients in fly ash 
(Druzina et al., 1983). The fly ash neutralizes the acidity of the acidic soil and 
increases ion exchange capacity, water holding capacity, and decreases the 
porosity of the amended soil which might have caused favourable effect on 
plant growth yield, chlorophyll pigment and protein content. 
In the second year, a similar increasing trend was observed except at 
40% fly ash level, which also exhibited reduction. The quantum of increase in 
growth and other parameters, however, was lower than that of the first year. At 
50% fly ash level, an increase in the reduction was observed. Regarding the 
effect of fly ash on the growth of the plant in the second year no work has been 
traced so far. Although some workers repeated the experiment in the next year 
but they did not use the same soil of the previous year. In the second year all 
the parameters showed retardation as compared to the first year because the soil 
had lost most of its nutritive elements in the previous yeai' which became 
unavailable in the next year. The excessive amount of heavy metals and the 
micro-nutrients that were retained in the soil caused harmful effects on plants 
in the current year. 
In the third year, while comparing with control, reduction in all the 
growth parameters was observed at all fly ash levels. The extent of reduction 
was lower at 10% to 30% fly ash levels and higher at 40% and 50% fly ash 
levels. No report has been traced so far by any other worker regarding the 
result of the third year. Retardation in all the growth parameters in the third 
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year was due to increased pH, increased cation exchange capacity, increased 
water holding capacity and decreased porosity of amended soil. The binding 
capacity of fly ash particles was lower because of absence of charges on the 
particles than the soil particles. Therefore fly ash particles were loosely bound 
to the roots of the plant that is why the growth of the plant was reduced in the 
third year. Further fly ash contained positively charged ion Jind the pH of the 
fly ash was above neutral (pH > 7); the fly ash neutralizes the acidity of the 
acidic soil. The organic matter present in the fly ash was absorbed by the plant 
in the previous year so the growth of the plant was retarded in the third year. 
The metallic elements that were responsible for the growth of the plant were 
probably present in the fly ash in the weathered form; these elements in the soil 
are present in ore form. All the minerals occur in the soil in oxided form but 
not in fly ash. 
The growth pattern in terms of increase or decrease in three consecutive 
years, was also analyzed. On considering first year as the base year, it was 
observed that the plants exhibited reduction at all the fly ash levels, without any 
exception in the second and third year. In comparison to first year, smaller 
reduction was observed in both the second and the third year, fi'om 10% to 30% 
fly ash levels. Greater reduction was observed at 50% fly ash level compared to 
that of first year. This was because of utilizable nutrients present in the fly ash 
were observed in the previous year and became unavailable in the next year. 
The heavy metals and micro-nutrients that became toxic to the plants were 
retained in the soil and had harmful effects on the plants. 
In our opinion, if the same amount of soil is added year after year, it 
would change not only the texture but alsothe physico-chemical characteristics 
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of the soil. Therefore, soil amendment with 10% or higher amount of fly ash 
can not be recommended to increase the fertility of the soil every year. It is, 
thus, suggested that the addition of fly ash is harmful to the plants in long run, 
and fly ash can not be used as a fertilizer. 
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Experiment No. 2 
Effect of fly ash amended soil on the development of root-knot 
nematode {Meloidogyne incognita) and growth of bottle gourd 
{Lagenaria leucantha) 
Fly ash is a fairly stable particulate pollutant and it alters the quality of 
the soil. The Thermal Power Plant, Kasimpur was selected as the source of 
pollution of present study. The experiment was performed in the glass house. 
Different proportions of fly ash were used to amend the soil. The effects of fly 
ash amendment on the plant growth, yield chlorophyll pigment and protein 
content, and the development of root-knot disease caused by Meloidogyne 
incognita were examined. 
Materials and Methods 
Fly ash Analysis : Fly ash was analyzed as has been explained in materials 
and methods of experiment no. 1 of section - III. 
Soil amendment with Fly ash : Sterilized sandy loam soil (7 clay : 3 sand : 
1 farmyard manure) was amended by adding fly ash in different proportions 
(v/v) i.e. 0% (control), 10%, 20%, 30%, 40% and 50%. 
Plant Culture and Treatments : Seeds of Lagenaria leucantha obtained 
from National Seed Corporation, New Delhi were axenized with 0.5% NaOCl 
solution. The seeds were then transferred to sterilized petridishes on moist filter 
paper for germination. The sprouted seeds were then transferred to clay pots of 
30 cm. diameter having steam sterilized soil amended with fly ash. The 
inoculations were performed when the seedlings were three weeks old. Each 
treatment consisted of five replicates and the pots were kept in a randomized 
complete block design in the glass house. Uninoculated plants served as 
control. The treatments were as follows in the first year: 
Ti = Control 
T2= 0% fly ash + 2000 J2 / pot 
T3 = 10% fly ash + 2000 J2 / pot 
T4 = 20% fly ash + 2000 J2 / pot 
T5 = 30% fly ash + 2000 J2 / pot 
T6 = 40% fly ash + 2000 J2 / pot 
T7 = 50% fly ash + 2000 J2 / pot 
In the second and third years, same soil and population of the nematode was 
used except that farmyard manure was added proportionately. 
Preparation and Inoculation of Root-knot nematode : The egg masses 
were obtained from the infected roots of egg plants from cropfields. The egg 
masses were collected and then allowed to hatch in sterilized distilled water at 
30°C in sterilized petridishes. The suspension was collected for three days at an 
interval of 24 h. The juveniles were counted with the help of counting dish. 
Three week old seedlings were then inoculated with fi-eshly hatched juveniles 
(2000 J2 /pot) by making holes, 5-7 cm deep within the radius of 2 cm. The 
holes were then plugged with steam sterilized soil. The plants were harvested 
45 days after inoculation. To maintain moisture in the soil regular watering was 
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done. The data for different parameters were collected and statistically 
analyzed. 
Plant Growth : After termination of the experiment, lengths , fresh weights 
and dry weights of roots and shoots of inoculated and uninoculated plants were 
determined. Root and shoot length of plant was measured with the help of 
meter scale. After taking fresh weights of the roots and the shoots these were 
kept in bamboo envelopes and placed in an incubator for 48 h at 80°C and 
weighed to obtain their dr\' weights. 
Number of Fiowers and Fruits ; The number of flowers and fruits per plant 
of each treatment was counted by visual observation. 
Leaf Area : Leaf area was ascertained by gravimeteric method. The method 
of leaf area measurement was already described in experiment no. 1 of section 
II. 
Estimation of Chlorophyll : Chlorophyll a, b and total was estimated. The 
method of chlorophyll estimation was described earlier in experiment no. 3 of 
section 1. 
Estimation of Protein : The amount of soluble and insoluble protein was 
determined according to the method of Lowry et al. (1951). The method of 
protein estimation was described earlier in experiment no.3 of section I. 
Number of Galls : The number of galls was counted by visual observation. 
Number of Egg masses : Number of egg masses in infected roots was 
counted by staining egg masses with phloxin B. 
128 
RESULTS 
Root and shoot length: I year: In comparison to control (Ti), a significant 
(P < 0.01) reduction was observed in the root and the shoot length of Lagenaria 
leucantha inoculated with the nematode, Meloidogyne incognita (T2). The 
reduction in the length of the roots and the shoots was also significant (P < 
0.01) in the plants inoculated with M. incognita and grown in fly ash amended 
soil. 
The root and the shoot lengths increased non-significantly at 10% fly 
ash level inoculated with M. incognita (T3), when compared with nematode 
inoculated plant (T2). A significant (P < 0.05) increase in the root and the shoot 
length occurred at 20% fly ash level (T4) in comparison to only nematode 
inoculated plant (T2). There was a significant (P < 0.01) increase in the root and 
the shoot length, in comparison to nematode inoculated plant (r2), at 30%, 40% 
and 50% fly ash level inoculated with M incognita (T5, Te and T7 respectively). 
In comparison to control (Ti), maximum reduction was observed in T2 and 
minimum in T7 plants. In comparison to T2, a gradual increase was noticed from 
T3 to T7 plants (Table-11). 
II year: The root and the shoot length of L leucantha decreased significantly 
(P < 0.01) in nematode inoculated plants, when compared witli control (Ti). A 
significant (P < 0.01) decrease in the root and the shoot length was also noticed 
in the plants treated with different levels of fly ash and inoculated with M 
incognita ( T3 to T7), as compared to control (Ti). 
The root and the shoot length of the plant increased non-significantly at 
10% fly ash level inoculated with M. incognita (T3) when compared with 
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nematode inoculated plant (T2). A significant (P < 0.05) increase in the root 
and the shoot length of L. leucantha was noticed at 20% fly ash level 
inoculated with M. incognita (T3), as compared to nematode inoculated plants 
(T2). On comparing with nematode inoculated (T2) plants there was a 
significant (P < 0.01) increase in the root and the shoot length at 30% and 40% 
fly ash levels inoculated with M incognita T5 and Te plants. The increase in 
length of T7 plants was non-significant than the length of T2 plants. In 
comparison to control (Ti), reduction in length was maximum in (T2) plants 
followed by (T7) plants. When a comparison was made with T2 plants, first the 
length gradually increased from T3 to T5 and than gradually decreased from T5 
to T7. Enhancement was highest in T5 plants and lowest in T7 plants (Table-
12). 
I l l year: In comparison to control, the root and the shoot length decreased 
significantly (P < 0.01) in nematode inoculated plants. The reduction in the root 
and the shoot lengths from T2 to T7 was significant (P <_001), when compared 
with control. 
On comparing with nematode inoculated plants (T2) there was a non-
significant increase in the root and the shoot length of plant at 10% and 20% 
fly ash levels, inoculated with M incognita (T3 and T4). A significant 
(P <_0.05) increase in the root and the shoot length of plant at 30% fly ash level 
inoculated with M incognita (T5) when compared with only nematode 
inoculated plants (T2). The root and the shoot length increased non-
significantly at 40% fly ash level inoculated with M. incognita (T5), and 
decreased non-significantly at 50% level (T7), as compared to nematode 
inoculated plants. In comparison to control (Ti), maximum reduction was 
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observed in T7 plants and minimum in T5 plants. In comparison to T2 maximum 
increase was observed in T5 and minimum in T7 plants (Table- 13). 
Root and shoot weight: I year: The fresh and dry weight of the roots and 
the shoots decreased significantly (P < 0.01) in M. incognita inoculated plants 
(T2). A significant (P < 0.01) reduction, in comparison to control (Ti), also 
occurred in plants inoculated with M incognita and grown in fly ash amended 
soil. 
In comparison to M incognita inoculated (T2) plants, the fresh and the 
dry weight of both the roots and the shoots increased non-significantly at 10% 
fly ash level (T3). A significant (P < 0.05) increase in the weights of the root 
and the shoot was observed at 30% fly ash level inoculated with M. incognita 
(T4), when compared with nematode inoculated plants (T2). On comparing with 
nematode inoculated plants (T2), the fresh and the dry weight of both the root 
and the shoot increased significantly (P < 0.01) at 30, 40, and 50% fly ash 
levels, inoculated with M. incognita. In comparison to control (Ti) highest 
reduction in weight was observed in T2 plants. Highest weight was observed in 
T5 plants among the nematode inoculated plants grown in fly ash amended soil 
(Table- 11). 
II year: In comparison to control, a significant (P < 0.01) reduction was 
noticed in the root and the shoot weight of L leucantha inoculated with M. 
incognita (T2). Significant reductions in the fi-esh and the dr>' weight of both 
the root and the shoot also occurred in the plants inoculated with M incognita 
and treated with fly ash, as compared to control (Ti). 
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The fresh and the dry weight of both the root and the shoot increased 
non-significantly at 10% fly ash level inoculated with M. incognita (T3), when 
compared with M. incognita inoculated plants (T2). A significant 
(P < 0.05) increased in the fresh and dry weights of the root and the shoot 
occurred at 20% fly ash level inoculated with M incognita (T4), in comparison 
to only M incognita inoculated plants. The fresh and the dry weights of the 
root and the shoots increased significantly (P < 0.01), in comparison to M. 
incognita inoculated plants (T2), at 30% fly ash level inoculated with M. 
incognita (T5). At 40% and 50% fly ash levels (T6 and T7), the fresh and the 
dry weights of the root and the shoot increased significantly (P < 0.01), when 
compared with only M incognita inoculated plants (T2). In T2 plants, the 
reduction in weight was highest as compared to control (Ti). In fly ash 
amended soil, the nematode inoculated plants first exhibited an increase in gain 
of weight from 10% fly ash level to 40% fly ash level and then decrease at 50% 
level, when compared with only nematode inoculated plants (T2) (Table -12). 
I l l Year: The fresh and the dry weights of both the roots and the shoots 
decreased significantly (P < 0.01) in M incognita inoculated plants when 
compared with control (Ti). A significant (P < 0.01) reduction in the fresh and 
the dry weights of both the root and the shoot was also noticed in the plants 
inoculated with M. incognita and treated with fly ash as compared to control 
(T,). 
In comparison to nematode inoculated plant (T2), the fresh and the dry 
weights of root and shoot increased non-significantly in the plants inoculated 
with M. incognita and treated with 10% and 20% fly ash. A significant (P < 
0.05) increase in the weight of the root and the shoot was observed at 30% fly 
132 
ash level inoculated with M incognita, when compared with T2 plants. The 
fresh and the dry weights of both root and shoot were increased non-
significantly in comparison to M incognita inoculated plant (T2), at 40% fly 
ash level (Te). There was a non-significant decrease in the fresh and the dry 
weights of both the root and the shoot of the plants inoculated with M 
incognita and treated with 50% fly ash (T7), when compared to nematode 
inoculated plants (T2). 
Significant reductions, in comparison to control (Tj) were observed in 
all the nematode inoculated plants grown in fly ash amended or unamended 
soil. However, T7 plants exhibited maximum reduction over control. In 
comparison to T2 plants, a significant increase in plant weight was observed in 
T5 plants, whereas in all other treatments, the difference was non-significant 
(Table-13). 
Number of flowers: I Year: There was a significant (P < 0.01) reduction in 
the number of flowers of L leucantha infected with M incognita, when 
compared with control (Ti). In comparison to control (Ti), the number of 
flowers per plant decreased significantly (P < 0.01) in the plants treated with 
fly ash and inoculated with M incognita. 
In comparison to nematode inoculated plants (T2), the number of flowers 
increased non-significantly in L. leucantha treated with 10% fly ash inoculated 
with M incognita. A significant (P<0.05) increase in the mmiber of flowers 
was observed at 20% fly ash level inoculated with M incognita (T4), when 
compared with nematode inoculated plants (T2). From 30% to 50% fly ash 
levels (Te and T7, respectively), the number of flowers per plant increased 
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significantly. (P < 0.01). In comparison to control reduction in number of 
flowers per plant was observed in the treatment T2. In comparison to T2 plants 
the number of flowers per plant increased to maximum in the treatment T7 
(Table-11). 
II year: The number of flowers per plant decreased significantly 
(P < 0.01) in M. incognita inoculated plant (T2), when compared with control 
(Ti). In comparison to control (Ti), the number of flowers of L leucantha 
decreased significantly (P < 0.01) in fly ash treated and M incognita infected 
plants. 
There was a non-significant increase in the number of flowers per plant 
at 10% fly ash level inoculated with M incognita (T3), when compared with 
nematode inoculated plants (T2). A significant (P < 0.05) increase in the 
number of flowers was observed in the plants treated with 20% fly ash and 
inoculated with M incognita (T4), as compared to only nematode inoculated 
plants (T2). On comparing with nematode inoculated plants, the number of 
flowers per plant increased significantly (P < O.OI) at 30%, 40% and 50% fly 
ash levels (T5, Te and T7, respectively). The number of flowers per plant was 
lowest in the treatment T2 as compared to control (Ti). On comparing with T2. 
the number of flowers was highest in T5 at 30% fly ash level. An increasing 
trend in the number of flowers was observed from 10% to 30% fly ash levels 
and a decreasing trend from 40% to 50% fly ash levels (Table -12). 
III year: The number of flowers per plant, as compared to control, decreased 
to minimum value in T7, which was lower than T2. In comparison to T2 plants, 
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the number of flower increased from 10% to 30% fly ash level and then 
retarded at 40% and 50% levels. 
In comparison to nematode inoculated plant (T2), the number of flowers 
per plant increased non-significantly at 10% and 20% fly ash level (T3 and T4 
respectively). Increase in number of flowers was significant (P < 0.05) in the 
plants at 30% fly ash level (T5), as compared to only nematode inoculated plant 
(T2). A non-significant increase in the number of flowers per plant was 
observed at 40% fly ash level inoculated with M. incognita (Ts), when 
compared to M incognita inoculated plant (Tj). The number of flowers per 
plant decreased non-significantly in the plants inoculated with M incognita and 
treated with 50% fly ash, in comparison to plants inoculated with M incognita 
only (T2) (Table-13). 
Number of fruits: I year: In comparison to control (Ti), the number of fruits 
per plant decreased significantly (P < 0.01) on M. incognita inoculated plants 
(T2). The reduction in number of fruits per plant was also significant 
(P < 0.01) in the plants inoculated with M. incognita and treated with fly ash. 
The number of fruits per plant increased non-significantly in the plants 
inoculated with M incognita and treated with 10% fly ash (T3), as compared to 
M incognita inoculated plants (T2). A significant increase in the number of 
fiiiits per plant was observed at 20% fly ash level inoculated with M incognita 
(T4). On comparing with M incognita inoculated plants (T2), the number of 
fruits per plant increased significantly (P < 0.01) in the plants inoculated with 
M. incognita and treated with 30%, 40% and 50% fly ash (T5, Tg and T7, 
respectively). In the first year, in comparison to control, hij^hest number of 
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fruits was recorded on the plants of T5. The number of friiits per plant was 
lowest on T2 plants (Table -11). 
II year: The number of fruits per plant decreased significantly (P < 0.01) on 
M. incognita inoculated plant (T2) as compared to control (Ti). A significant (P 
< 0.01) reduction, in comparison to control, was also obsei-ved in the plants 
treated with fly ash and inoculated with M incognita. 
In comparison to nematode inoculated plants (T2) the number of fruits 
per plant increased non-significantly at 10% fly ash level inoculated with M. 
incognita (T3). A significant (P < 0.05) increase in the number of fruits was 
noticed in the plants inoculated with M. incognita and treated with 20% fly ash 
(T4), when compared to nematode inoculated plants (T2). The increase in the 
number of fruits per plant was also significant (P<0.01) in the plant inoculated 
with M. incognita and treated with 30%, 40% and 50% fly ash (T5, Te and T7, 
respectively). In the second year, in comparison to control, maximum reduction 
was observed in T2 plants. The reduction was maximum but significant in T5 
plants (Table -12). 
III year: A significant (P < 0.01) decrease in the number of fiiiits per plant 
was observed in M incognita inoculated (T2) plants, when compared with 
control (Ti). The reduction in the number of fruits per plant was also significant 
(P < 0.01) in fly ash treated plants inoculated with M. incognita, as compared 
to control (Ti). 
On comparing with M incognita inoculated plants (T2) the number of 
fiiiits per plant increased non-significantly at 10% and 20% fly ash level 
inoculated with M incognita (T3 and T4, respectively). A significant 
136 
(P < 0.01) increase in the number of fruits of L leucantha occurred in the 
plants inoculated with M incognita and treated with 30% fly ash (T5), as 
compared to ohly nematode inoculated plants (T2). At 40% fly ash level 
inoculated with M incognita (Te) there was a non-significant increase in the 
number of fruits per plant, when compared with nematode inoculated plants 
(T2). The number of fruits per plant decreased non-significantly at 50% fly ash 
level inoculated with M. incognita (T7). In the third year, in comparison to 
control reductions in the number of fruits per plant was maximum in T2 and 
minimum in T5 plants. In comparison to T2 plants a maximum and significant 
(P < 0.05) increase was observed in T5 plants (Table -13). 
Leaf area: I year: The leaf area of the plant decreased significantly 
(P < 0.01) in the plants inoculated with M incognita (J2) when compared with 
control (Ti). A significant (P < 0.01) reduction in the leaf area was also 
observed in the plant inoculated with M. incognita and treated with different 
levels of fly ash, in comparison to control (Ti). 
In comparison to M incognita inoculated plants (T2), the leaf area non-
significantly increased at 10% fly ash level inoculated with M incognita (T3). 
A significant (P < 0.05) increase in the leaf area was also noticed in the plants 
inoculated with M. incognita and treated with 20% fly ash (T4). The increase in 
the leaf area was also significant (P < 0.01) in the plants inoculated with M 
incognita and treated with 30%, 40% and 50% fly ash levels, when compared 
to M incognita inoculated plants (T2) (Table -II). 
II year: In comparison to control (Tj), the leaf area of L. leucantha decreased 
significantly (P < 0.01) in nematode inoculated plants (T2). A significant (P < 
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0.01) reduction in the leaf area was also noticed in the plants inoculated with 
M incognita and treated with fly ash, when compared to control (Ti). 
On comparing with only M incognita inoculated plants, the leaf area 
increased non-significantly in the plants inoculated with M incognita and 
treated with 10% fly ash (T3). A significant (P < 0.05) increase in the leaf area, 
as compared to M incognita inoculated plants (T2), was observed at 20% fly 
ash level inoculated with M incognita (T4). There was a significant (P < 0.01) 
increase in the leaf area of the plant at 30%, 40% and 50% fly ash levels 
inoculated with M incognita (T5, Tg and T7, respectively), when compared with 
M. incognita inoculated plants (T2) (Table -12). 
i n year: There was a significant (P < 0.01) reduction in the leaf area of the 
plants inoculated with M incognita (T2), when compared with control (Ti). A 
significant (P < 0.01) decrease in the leaf area also occurred in the plants 
inoculated with M incognita and treated with fly ash as compared to control 
(T.). 
The leaf area increased non-significantly in the plants inoculated with 
M incognita and treated with 10% and 20% fly ash (T3 and T4, respectively) as 
compared to only M. incognita inoculated plants (T2). There was a significant 
(P < 0.05) increase in the plants inoculated with M. incognita and treated with 
30% fly ash (T5), when compared to M incognita inoculated plants (T2). In 
comparison to M. incognita inoculated plants (T2), the leaf area increased non-
significantly at 40% fly ash level inoculated with M incognita (Te). At 50% 
fly ash level and M incognita inoculated plants (T7) the leaf area non-
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significantly decreased when compared with M. incognita inoculated plants 
(T2) (Table-13). 
Chlorophyll content: I year: In comparison to control (T(), the chlorophyll 
content of the leaves of L. leucantha decreased significantly (P < 0.01) in M 
incognita inoculated plants (T2). The reduction in the chlorophyll content was 
also significant (P < 0.01) in the plants inoculated with M incognita and 
treated with fly ash, when compared with control. 
The chlorophyll content of the leaves increased non-significantly at 10% 
fly ash level inoculated with M. incognita (T3), when compared with plants 
inoculated with M incognita only (T2). A significant (P < 0.05) increase in 
chlorophyll content occurred in the plants inoculated with M incognita and 
treated with 20% fly ash (T4), in comparison to M incognita inoculated plants 
(T2). On comparing with only M incognita inoculated plants (T2) the 
chlorophyll content of the leaves increased significantly (P < 0.01) in the plants 
inoculated with M. incognita and treated with 30%, 40% and50% of fly ash 
(T5, Te and T7, respectively) (Table -11). 
II year: The chlorophyll content of the leaves of L. leucantha decreased 
significantly (P < 0.01) in the plants inoculated with M incognita (T2), in 
comparison to control (Ti). A significant (P < 0.01) reduction in the 
chlorophyll content of the leaves was also observed in plants inoculated with 
M incognita and treated with fly ash, when compared with control. 
In comparison to M incognita inoculated plants (T2), the chlorophyll 
content of the leaves of Lagenaria leucantha increased non-significantly at 
10% fly ash inoculated with M incognita (T3). The increase in the chlorophyll 
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content was also significant (P < 0.05) in the plants inoculated with M 
incognita and treated with 20% fly ash (T4), when compared with M incognita 
inoculated plants (T2). The chlorophyll content of leaves of L leucantha also 
significantly (P < 0.01) increased in the plants inoculated with M incognita and 
treated with 30%, 40% and 50% fly ash (T5, T^ and T7, respectively), in 
comparison to nematode (M incognita) inoculated plants (T2) (Table -12). 
Ill year: The chlorophyll content of the leaves significantly (P < 0.01) 
reduced in the plants inoculated with M. incognita only, when compared to 
control (Ti). A significant (P < 0.01) decrease in the chlorophyll content, in 
comparison to control (Ti), occurred in the plants inoculated with M. incognita 
and treated with fly ash. 
In the third year, the chlorophyll content of leaves non-significantly 
increased at 10% and 20% fly ash (T3 and T4, respectively) inoculated with M. 
incognita, as compared with M incognita inoculated plants (T2). At 30% fly 
ash level (T5) the chlorophyll content increased significantly (P<0.05), when 
compared with M incognita inoculated plants (T2). On comparing with M. 
incognita inoculated plants (T2), the chlorophyll content of the leaves of L 
leucantha increased non-significantly in the plants inoculated with M 
incognita and treated with 40% and 50% fly ash (Te, T7) respectively (Table -
13). 
Protein content: I year: In comparison to control (Ti), the protein content of 
the plant decreased significantly (P < 0.01) in M. incognita inoculated plant 
(T2). The decrease in the protein content was also significant (P < 0.01) in the 
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plant inoculated with M incognita and treated with fly ash, when compared 
with control. 
The protein content of the plant increased non-significantly in the plants 
inoculated with M incognita and treated with 10% fly ash (T3), in comparison 
to M incognita inoculated plants (T2). A significant (P < 0.05) increase in the 
protein content was noticed at 20% fly ash level inoculated with M. incognita 
(T4), when compared with M. incognita inoculated plants (T2). The increase in 
the protein content was also significant (P < 0.01) in comparison to nematode 
(M incognita) inoculated plants at 30%, 40% and 50% fly ash level inoculated 
with M. incognita (T5, Tfi and T7, respectively) (Table -11). 
II year: The protein content of L. leucantha decreased significantly 
(P <_0.01) in the plants inoculated with M incognita only (T-), as compared to 
control (Ti). The reduction in the protein content was also significant 
(P < 0.01) in the fly ash treated plants inoculated with M incognita, when 
compared with control. 
On comparing with M incognita inoculated plants (T2), the protein 
content of the plant was found to be increased non-significantly at 10% fly ash 
level inoculated with M incognita (T3). A significant (P < 0.05) increase in the 
protein content also occurred in the plants inoculated with M incognita and 
treated with 20% fly ash (T4), as compared to plants inoculated with M 
incognita only. The increase in the protein content was also significant (P < 
0.01) in the plants inoculated with M incognita and treated with 30%, 40% and 
50% fly ash (T5, Te and T7, respectively), when compared to M incognita 
inoculated plants (T2) (Table -12). 
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Ill year: In comparison to control (Ti), the protein content of the plant 
decreased significantly (P < 0.01) in the plants inoculated with M incognita 
(T2). A significant (P < 0.01) reduction in the protein content also occurred in 
fly ash treated plants inoculated with M incognita when compared with control 
(Ti). 
The protein content of the plant increased non-significantly at 10% and 
20% fly ash levels inoculated with M. incognita (T^ and T4), when compared 
with M incognita inoculated plant (T2). At 30% fly ash level inoculated with 
M incognita there was a significant (P < 0.05) increase in the protein content 
of the plant in comparison to M incognita inoculated plants (T2). On 
comparing with M. incognita inoculated plants (T2) the protein content of the 
plant increased non-significantly at 40% fly ash level inoculated with M. 
incognita (Te). A non-significant decrease was observed in the protein content 
of the plant at 50% fly ash level inoculated with M. incognita (^^), when 
compared to the protein content of M incognita inoculated plants (T2) (Table -
13). 
Number of galls I year : In the first year, the number of galls per plant, non-
significantly decreased on nematode inoculated plants grown at 10% and 20% 
fly ash levels, when compared with only M incognita inoculated plants (T2). 
The nematode inoculated plants grown at 30% fly ash level, showed a 
significant (P < 0.05) reduction in the number of galls per phmt in comparison 
to only M incognita inoculated plants (T2). A significant (P < 0.01) reduction 
was observed at 40% and 50% fly ash level in plant inoculated with M. 
incognita when compared with only M incognita inoculated plants (T2). 
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Maximum number of galls was found in T2 and minimum in T7 treatments 
(Table-11). 
II year: In the second year, the number of galls decreased non- significantly 
on nematode inoculated plants grown at 10% and 20% fly ash levels (T3 and 
T4), as compared to only M incognita inoculated plants (T2). At 30% level, the 
number of galls per plant decreased significantly (P < 0.05) when compared 
with T2 plants. Reduction in the number of galls was also significant (P < 0.01) 
at 40% and 50% level in the treatments Te and T7, in comparison to untreated 
nematode inoculated controls (T2) (Table -12). 
III year: A non- significant reduction in the number of galls per plant was 
observed at 10% and 20% fly ash level in T3 and T4 plants, when compared 
with only M incognita inoculated plants (T2). At 30% fly ash level the number 
of galls decreased significantly (P < 0.01) as compared to T2 plants. There was 
a significant (P < 0.01) reduction in the number of galls per plant at 40% and 
50% fly ash level, when compared to only M. incognita inoculated (T2). A 
gradual decrease in the number of galls per plant was noticed from T2 to ^^ 
(Table-13). 
Number of egg masses I year: The number of egg masses per plant 
decreased non- significantly at 10% and 20% fly ash levels in the treatments T3 
and T4, as compared to nematode inoculated T2 plants. In T5, at 30% fly ash 
level the number of egg masses per plant decreased significantly (P < 0.05) 
when compared with only nematode inoculated plants. A significant (P < 0.01) 
decrease had occurred in the number of egg masses in the plants at 40% and 
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50% fly ash levels and inoculated with nematodes when compared to nematode 
inoculated plants (T2) (Table -11). 
II year: There was a non- significant decrease in the number of egg masses 
per plant in the treatments T3 and T4 when compared with only nematode 
inoculated plants (T2). A significant (P < 0.05) reduction had occurred in 
number of egg masses per plant at 30% fly ash level inoculated with M 
incognita (T5), when compared with only nematode inoculated plants (T2). The 
number of egg masses per plant decreased significantly (P < 0.01) at 40% and 
50% fly ash levels in the treatments Tg and T7, in comparison to only M 
incognita inoculated plants (Table -12). 
III year : The number of egg masses per plant decreased non- significantly at 
10% and 20% fly ash levels T3 and T4 treatments as compared to T2 plants. At 
30% fly ash level, the number of egg masses per plant decreased significantly 
(P < 0.01) when compared with nematode inoculated plants (T2). At 40% and 
50% fly ash levels, the number of egg masses per plant decreased significantly 
(P < 0.01) in comparison to only nematode inoculated T2 plants (Table- 13). 
DISCUSSION 
Root-knot nematodes, while comparing with contiol significantly 
suppressed the plant growth, yield, chlorophyll pigment and protein content of 
Lagenaria leucantha. The root-knot nematode infection causes reduction in 
plant growth (Christie, 1936; Krusberg and Nielsen, 1958; Wallace, 1969; 
Ferris, 1974; Barker and Olthof, 1976; Appel and Lewis, 1984; Ibrahim and 
Lewis, 1985; Fazal et al., 1996; Samathanam and Sethi, 1996); in yield 
(Wallace, 1963; Oostenbrink, 1966; Olthof and Potter, 1972). 
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Addition of fly ash into the soil causes changes in physical and chemical 
characteristics of the soil. For instance, fly ash results in increase in cation 
exchange capacity, pH and water holding capacity; decrease in porosity; and 
increase in concentration of carbonate and bicarbonates. Higher concentration 
of carbonates and bicarbonates (Khan and Khan, 1996) and a pH above neutral 
(Khalil and Shah, 1979) caused adverse effects on nematode penetration and 
subsequently disease development. Lowering in porosity probably caused 
slowing down of the movements of the nematodes into the soil and also 
adverse effects on nematode penetration and finally lowering down disease 
severity. Some toxic compounds, like dibenzofuran and dibenzo-p-dioxime 
mixtures (Helder et ai, 1982; Sawyer et ai, 1983) and certam metals like Ar, 
Cd, Cr, Cu, Pb, Se, Zn etc. have been reported to be toxic that killed nematode 
juveniles directly in the soil (Khan et ai, 1997). Nitrogen is almost absent in 
fly ash (Adriano et ai, 1980). Nitrogen deficiency in soils declined the rate of 
development of M javanica on tomato (Davide and Triantaphyllou, 1967) and 
abnormal development of nematode juveniles (Singh, 1993). Excessive uptake 
of certain elements like B, P and K and their accumulation in plant enhanced 
natural defence against nematodes (Kirkpatrick et al., 1964; Francois, 1984). 
A gradual increase in the fly ash concentration in the soil caused a 
corresponding decrease in the number of galls per plant and number of egg 
masses per root system. Increased soil porosity favours movement of juveniles 
in the soil (Sasser, 1954; 0 ' Bannon and Reynolds, 1961). Increased soil 
porosity might have favoured the greater root ingress of juveniles. Greater 
ingress of juveniles caused more root galling and egg mass production at lower 
levels. But at higher levels increased concentration of substances that were 
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toxic to the nematodes adversely affected root galling, suppressed reproduction 
which was reflected as lower number of eggs per egg mass of the nematode. 
The significant increase in the body length and width of the mature females of 
the nematode in plant roots grown at lower levels of fly ash, might be due to 
greater availability of potassium present in fly ash and moderate range of pH 
(7.4 - 7.6). Oteifa (1953) found rapid development of the nematode and egg 
mass deposition of M. incognita, as the level of potassium increased in soil. 
The toxicity of the chemicals present in the amended soils was evident from the 
fact their water extracts caused death of the newly hatched juveniles. These 
effects could be correlated with the amount of fly ash added to the soil. 
Electrical conductivity and pH of the soil were found to be influenced by the 
amount of fly ash content in the amended soil. The toxic substances present in 
fly ash inhibited hatching and increased juvenile mortality. The toxic effects of 
fly ash suppressed the penetration of juveniles of nematodes and may have 
killed the juveniles thus caused less number of galls and egg masses at higher 
concentration of fly ash. 
Singh (1989) observed similar trend response of galling and egg mass 
production by M. incognita and M javanica to fly ash on chickpea and lentil. 
Khan (1989) found that fly ash at 10-40% increased the root penetration of 
juveniles and root-knot disease intensity on tomato whereas from 40% onwards 
root penetration and reproduction of M. incognita race was gradually inhibited 
and disease intensity was also reduced. Pasha et al. (1990) reported decreased 
soil population of M javanica at 10-100% fly ash. Singh (1993) observed 
suppression of morphometries of M. javanica females, egg mass production 
and fecundity gradually decreased with the increasing fly ash levels. 
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The chlorophyll pigment and protein content of the plant also decreased 
non-significantly at 10% fly ash level and significantly fi-om 20% to 50% fly 
ash levels when compared with only nematode inoculated plants. Increase in 
fly ash levels could cause deficiency of nitrogen in soil as a result, the growth 
of the plant was checked, at the higher fly ash levels. The chlorophyll pigment 
and protein content of the plants also decreased when the growth of the plant 
was reduced. Singh (1988) and Pasha (1990) found a positive correlation 
between plant growth and chlorophyll pigment of the plant. 
In the first year, root-knot nematode, Meloidogym incognita caused 
reduction in the growth of Lagenaria leucantha grown in unamended or fly ash 
amended soil, when compared with uninoculated control plants grown in 
unamended soil. The reduction in growth was highest in nematode inoculated 
plants grown in unamended soil. The growth reduction was lowest at 50% fly 
ash level. In comparison to nematode inoculated control (T2) plants, an 
improvement in the plant growth of inoculated plants grown in amended soil. 
These findings indicated that incorporation of fly ash into the soil produced 
some beneficial effects on the growth of the plant. Although amendment of soil 
with fly ash did not control the disease, however, it improved the growth of 
inoculated plants, in comparison to inoculated control plants. Significant 
enhancement in plant growth at 50% fly ash level, over inoculated control 
might be attributed to the occurrence of utilizable mineral elements in higher 
concentration. These mineral elements, when absorbed by the plants, probably 
worked as nutrient elements (Misha and Shukla, 1986; Khan and Khan, 1989; 
Pasha et al, 1990; Singh, 1993; Khandkar et ai, 1996; Srivastava et al., 1995; 
Tripathy and Sahu, 1997; Tripathy and Tripathy, 1998; Kalra et al., 1998; 
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Bharti et ai, 2000). Increase in growth of nematode inoculated plants at 
various concentrations of fly ash, over inoculated control, showed that the fly 
ash has some role in overcoming the loss caused by the nematode (Singh, 1989; 
Khan and Khan, 1989;Pasha etal, 1990; Singh, 1993). 
In the first year, the data revealed that fly ash amendment reduced gall 
number as well as number of egg masses per plant. This finding support that 
application of fly ash did not favour root-knot nematode infection. As the 
amount of fly ash increased, the number of galls and number of egg masses 
decreased. This reciprocal relationship indicated that fly ash changed physical 
characteristics of the soil. Increase in porosity might have resulted in lowering 
down the penetration of the juveniles into the roots. 
In the second year, in comparison to uninoculated controls, maximum 
reduction in plant growth was observed in T2 plants and minimum in T5 plants. 
This showed that amendment of soil with fly ash at 30% level was beneficial 
for the plants infected with nematodes even after one year. In comparison to 
inculated controls (T2), increase in plant growth was observed in all the fly ash 
amended treatments. An increasing trend in plant growth from T3 to T5 with 
10%, 20% and 30% fly ash respectively, might be due to increase in 
concentrations of mineral elements and also due to favourable physical 
characteristics of the amended soil. A decreasing trend from T5 to T7 might be 
attributed to presence of toxic elements in higher fly ash concentrations as well 
as physical characteristics, like lower porosity of the amended soil. For all the 
growth parameters, amendment of soil with 30% fly ash seems to be more 
beneficial than other concentrations. This idea is ftirther strengthened by 
observing a similar trend in protein and chlorophyll contents. From this study it 
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might be inferred that fly ash concentration above and below 30% is not 
advantageous for the plants. 
In the second year, the number of galls and number of egg masses 
exhibited a trend similar to the first year. Concentration of fly ash and number 
of galls and egg masses per plant were reciprocally proportional. However, it 
was also discovered that in the second year, the number of galls and number of 
egg masses per plant at the same fly ash level decreased when the data was 
compared with the data of the first year. Thus, fi-om this finding, the view that 
addition of fly ash is not beneficial for the plant, was further supported. 
In the third year, in comparison to uninoculated control, reduction in 
plant growth was observed in all the treatments. The reduction was maximum 
in T7 plants followed by T2 plants. In comparison to inoculated controls (T2), 
reduction in plant growth, although non-significant, was observed in T7 plants. 
This indicated that higher concentration of fly ash caused damage to the plants, 
probably because of undesirable physico-chemical attribute of the amended 
soil. A similar trend in the results of biochemical analysis fijrther support this 
view point. Thus, it can, very safely, be concluded that soil amendment with fly 
ash in any concentration is not beneficial in long term for the plant growth, 
because it changes permanently unfavourably the physio-chemical 
characteristics of the soil. 
The data of pathogenicity for the third year was similar to that of first 
and the second years. In the third year, however, further reduction in gall 
number and egg mass production was noticed at the same fly ash levels, as 
compared to the previous year. 
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In comparison to control, it was found that gall formation and egg mass 
production reduced at higher levels in the third than first and second years. 
Fvcmi this finding it may be concluded that fly ash amendment is not favourable 
for root-knot nematode infection in long nm. It seems that amendment of soil 
with fly ash permanently changes physical characteristics of the soil, which are 
harmful to plant (host) as well as the nematode (pathogen). 
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TabIe-1: Tertiary butyl alcohol dehydration schedule (Johansen, 1940) 
1 
Step 
1. 
2. 
3. 
4. 
5. 
6*. 
7. 
8. 
% Alcohol 
50 
70 
85 
95 
100 
100 
100 
100 
Time 
2 h or more 
over night 
1-2 h 
1-2 h 
1-3 h 
1-3 h 
1-3 h 
over night 
Quality (ml) neec 
Distilled 
water 
50 
30 
15 
0 
0 
0 
0 
0 
95% 
ethanol 
40 
50 
50 
45 
0 
0 
0 
0 
ed for solution 
100% 
ethanol 
0 
0 
0 
0 
25 
0 
0 
0 
100% 
T.B.A. 
10 
20 
35 
50 
75 
100 
100 
100 
* TBA changes were carried out at 30°C. 
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Table-2: Safranin and fast-green (Sass, 1951) 
Step 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
Solution 
Xylene 
Absolute ethanol 
95% ethanol 
70% ethanol 
50% ethanol 
30% ethanol 
1% aqueous safranin 0 
rinse in tap water 
30% ethanol 
50% ethanol 
70% ethanol 
95% ethanol 
0.1% fast green FCF in 95% ethanol 
Absolute ethanol 
Absolute ethanol 
Xylene-absolute ethanol (1:1) 
Xylene 
Xylene 
Time 
5 min 
5 min 
5 min 
5 min 
5 min 
5 min 
1-12 h 
-
3 min 
3 min 
3 min 
3 min 
5-30 sec 
15 sec 
3 min 
3 min 
5 min 
3 min or longer 
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Table-6: Physico- chemical characteristics of fly ash used in the study. 
Electrical conductivity (mmhos cm' ) 9.84 
PH 8.90 
Texture (%) 
Sand size particles 32.15 
Silt size particles 49.30 
Clay size particles 8.53 
Total organic carbon (%) 0.07 
Total nitrogen (%) 0.05 
Elements 
Pb 27.56 ppm 
Ni 06.90 ppm 
Mn 22.80 ppm 
Co 03.82 ppm 
B 21.71 ppm 
Cu 01.52 ppm 
K 722.20 ppm 
Cr 13.91 ppm 
Cd 00.24 ppm 
Zn 03.04 ppm 
Fe 02.43 ppm 
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ABBREVATIONS 
Abnormal Phloem AP 
Abnormal Vessel Element AVE 
Abnormal xylem AX 
Egg mass EM 
Epidermis Ep 
Giant Cell GC 
Giant Cell Complex gcc 
Hyphae H 
Hypertrophy Ht 
Hypertrophied nuclei Hn 
Hyperplasia Hp 
Juvenile J 
Nematode N 
Nuclei n 
Nucleoli nu 
Nematode head NH 
Normal xylem NX 
Normal phloem NP 
Primary xylem Px 
Primary Phloem Pp 
Cortical Parenchyma C Pa 
Sieve tubes element STE 
Vessel element VE 
Fig. 1: Showing normal section of the root tip oiLagenaria leucantha. 
Fig. 2: Showing ruptured epidermis (Ep) made by the second-stage juvenile 
(J). 
Fig. 3: Showing penetration of second-stage juveniles (J). 
Fig. 4: Showing hypertrophied cells (Ht) in the primary phloem (Pp) near the 
head of the second-stage juvenile (J). 
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Fig. 5: Showing second-stage juvenile (J) and a developing vessel element 
(VE). 
Fig. 6: Showing hypertrophied cell (Ht) near the head of the second-stage 
juvenile (J) and a differentiating vessel element (VE). 
Fig.7: Showing giant cell (GC), hypertrophy (Ht) in the region of vascular 
differentiation, and a nematode (N). 
Fig. 8: Showing giant cell (GC) with dense cytoplasm and hypertrophied 
parenchyma (Ht). 
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Fig. 9: Showing nematode and hypertrophy (Ht). 
Fig. 10: Showing giant cell (GC), hyperplasia (Hp), hypertrophy (Ht), a 
nematode (N) and an abnormal vessel element (AVE). 
Fig. 11: Showing giant cell (GC), nematode (N), primary xylem (Px), vessel 
element (VE), hypertrophy (Ht) and hypertrophied nuclei (Hn). 
Fig. 12: Showing hypertrophied nuclei (Hn) in the giant cell (GC), 
hypertrophy (Ht) and two nematodes (N). 

Fig. 13: Showing a large giant cell (GC) with dense cytoplasm and nuclei (n), 
and abnormal vessel elements (AVE). 
Fig. 14: Showing a giant cell (GC) with much dense cytoplasm, normal 
phloem (NP) and abnormal vessel elements (AVE) 
Fig. 15: Showing giant cell (GC) with dense cytoplasm and large number of 
nuclei (n) enclosing prominent nucleoli (nu), and developing 
nematodes (N). 
Fig. 16: Showing giant cell (GC) with dense cytoplasm, prominent nucleoli 
(nu) and vessel element (VE). 
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Fig. 17: Showing giant cell (GC) and nematodes (N) in cortical parenchyma 
(CPa). 
Fig. 18: Showing giant cell complex (gcc), with large nuclei (n). 
Fig. 19: Showing giant cells (GC) in a giant cell complex (gcc) with various 
shapes of nuclei (n), and abnormal vessel element (AVE). 
Fig. 20: Showing empty giant cell (GC) in a giant cell complex (gcc) with the 
head of a developing nematode (NH), and abnormal xylem (AX). 

Fig. 21: Showing giant cell (GC) with prominent nuclei and the head of a 
developing nematode (NH) in the cortical region. 
Fig. 22: Showing giant cells (GC), a developing nematode (N), and primary 
phloem (Pp). 
Fig. 23: Showing giant cells (GC) and a developing nematode (NH). 
Fig. 24: Showing giant cells surrounded by abnormal xylem and a developing 
nematode (N). 

Fig. 25: Showing giant cell (GC) surrounded by abnormal xylem (AX) and a 
developing nematode (N). 
Fig. 26: Showing giant cell (GC) with nuclei and nematode (N) by abnormal 
xylem (AX). 
Fig. 27: Showing giant cell (GC) with amoeboid nuclei (n), abnormal xylem 
(AX), abnormal phloem (AP). 
Fig. 28: Showing pyriform nematode, abnormal xylem (AX), and giant cells 
(GC). 

Fig. 29: Showing giant cell (GC) with empty spaces, and a nematode (N). 
Fig. 30: Showing empty giant cell (GC) and abnormal xylem (AX). 
Fig. 31: Showing two mature females (N) and abnormal vessel elements 
(AVE). 
Fig. 32: Showing a mature female (N) associated with egg masses (EM). 
:^^^^H 
'ig. 33: Showing a mature female (N) and abnormal xylem (AX). 
'ig. 34: Showing parenchyma ceils transforming into vessel like elements 
(AVE) and a second-stage juvenile (J), 
"ig. 35: Showing secondary infection by the second-stage juvenile (N), and 
large abnormal vessel element (AVE). 
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Fig. 36: Showing empty small sized giant cells with little cytoplasm, a 
developing nematode (N) and less amount of abnormal xylem (AX) at 
lowest inoculum level (Pi = O5J2). 
Fig. 37: Showing medium size giant cells two females (N) and less distortion 
in xylem elements (AX) at lower inoculum levels (Pi =50J2). 
Fig. 38: Showing tow females (N) with egg mass (EM) and more amount of 
abnormal xylem (AX) at lower inoculum level (Pi = 50OJ2). 
Fig. 39: Showing large giant cells with more cytoplasm, three mature females 
and much distortion in xylem elements (AX) at higher moculum 
levels (Pi = S.OOOJj). 
n~' 
> * , I 
•4 
38 
N 
>^^ c 
N 
%_^ 
^ 
^ 
- < . Ki 
39 
Fig. 40: Showing large giant cell, four females lying at the four comers and 
much distortion in xylem element at highest inoculum level 
(Pi =50,000J2). 
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Fig. 41: Showing normal root oiLagenaria leucantha in transverse section. 
Fig. 42: Showing heavy infestation of tvieloidogyne incognita (N). Giant cell 
(GC), abnormal xylem (AX) in abundance. 
Fig. 43: Showing hyphae (H) of Pythium aphanidermatum around the body of 
the nematode (N). 
Fig. 44: Showing hyphae (H) of P. aphanidermatum in the vascular region of 
the roots. 
Fig. 45: Showing hyphae (H) of P. aphanidermatum in the cortical 
parenchyma of the roots. 
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SUMMARY 
Bottle gourd (Lagenaria leucanthd) is an important vegetable crop 
belonging to the family cucurbitaceae. It is grown in almost all parts of India. 
The root-knot nematode (Meloidogyne incognita) causes considerable losses to 
this crop. Following studies were carried out to observe the effects of 
M incognita and Pythium aphanidermatum on plant growth; to trace various 
developmental stages of the nematode before and after fungal infection; and to 
examine the effects of fly ash amended soil on the plant growth and 
development of root-knot nematode (M incognita) and root-rot fungus 
{P. aphanidermatum). 
Meloidogyne incognita, soon after penetration, induced giant cell 
formation, hypertrophy and hyperplasia around the giant cells. These changes 
led to the formation of prominent galls. As a result of infection, the plants 
exhibited stunting and loss of weight. The harmful effects of infection on root 
anatomy and physiological activities of the host plants resulted in yield loss. 
In the first experiment M incognita infected roots were examined from 
the day one to the 27th day, after inoculation. At regular intervals of time, 
anatomical studies were carried out to investigate sequential changes in the 
formation of giant cells, in the development of the nematode, in the formation 
of hypertrophic and hyperplastic tissue, and development of abnormal vascular 
elements. 
Formation of discrete and abnormally large giant cells in the galls, after 
root-knot nematode infection is the characteristic feature. In the growing roots, 
the juveniles of M. incognita induced giant cells in provascular elements 
specially from the cells which would develop into primary phloem. Soon after 
penetration, the juveniles entered the procambium zone and incited 
hypertrophy and hyperplasia not only in sieve tube transforming cells but also 
in the near by cells. A large number of cells around the nematode head 
enlarged and many of them divided leading to the formation of gall. The 
affected cells comprised of the cells of cortex, endodermis, pericycle, 
conjunctive tissue, xylem, phloem and pith parenchyma. 
The juveniles of M incognita penetrated at or behind the root tips of L 
leucantha. They migrated intercellularly, into the inner tissue, by separating the 
cell walls. The giant cells were induced in the region of undifferentiated 
phloem within 72 h of inoculation. Maximum number of nuclei and highly 
dense cytoplasm was noticed 9 days after inoculation. Decrease in number of 
nuclei and increase in vacuolation was found 15 days after ; inoculation. 
Smaller giant cells became empty and changed into vessel like elements by the 
deposition of lignified secondary wall material. Larger giant cells with little or 
no cytoplasm also transformed into abnormal vessel elements, after 27 days of 
inoculation. 
Secondary infection was noticed 27 days after inoculation. The egg 
masses of all the females were not expelled out of the plant tissue. Some egg 
masses remained inside. Eggs of these egg masses hatched and the second 
stage juveniles, traversing intercellularly through cortical cells, reached 
cambial zone and caused secondary infection. Hypertrophic and hyperplastic 
reactions were repeated, due to secondary infection and caused a rapid increase 
in the gall size. Some freshly hatched second-stage juveniles were found 
associated with preformed giant cells. These juveniles, instead of inducing new 
giant cells, started feeding on the old giant cells. 
As for as abnormalities in vascular elements are concerned, the 
abnormality in orientation of vascular strands had started 24 h after inoculation. 
The vascular strands were found distorted due to hypertrophic and hyperplastic 
reactions. The strands became wavy and appeared as scattered patches, when 
seen in longitudinal sections. The lumen of vessel elements became wide near 
the giant cells due to hypertrophic reactions. The shape of the metaxylem 
strands of vessel elements became irregular due to the pressure exerted on them 
by the tissue produced by the hypertrophic and hyperplastic reactions. 
Abnormal origin of vessel elements was observed 72 h after inoculation from 
small parenchyma cell; 9 days after inoculation from hypertrophied 
parenchyma cells; 21 days after inoculation from small giant cells; and 27 days 
after inoculation from larger giant cells. From these observations, it might be 
suggested that the formation of abnormal vessel elements in excessive amount 
might increase upward translocation, or divert water supply towards the giant 
cells or provide protection to the giant cell, or gives support to entire gall to 
prevent it from collapsing. 
From our study it might be concluded that the giant cells that appeared 
completely enclosed by the abnormal xylem elements were not completely 
enveloped. The giant cells were always found connected with the phloem. The 
sieve tube elements, as seen in transverse section, instead of forming a 
complete ring, appeared diverting towards the giant cells. In this way the 
supply of assimilates to the giant cells did not disrupt. 
The second experiment was aimed at knowing the effect of different 
inoculum levels of the nematode on the growth of the plants, on the formation 
of galls, on the development of the nematode, and on the formation of 
abnormal tissues in the galls. 
The density of initial population produces different effects on the host 
plants. Low population of the nematode may be harmful or beneficial or may 
not effect plant growth. L. leucantha responded differently to different 
population densities. At the lowest inoculum level (Pi - 05 J2) a slight but non-
significant increase was observed in comparison to control. At higher initial 
inoculum levels the growth decreased non-significantly. Reduction in lengths 
of both the roots and shoots was maximum at 50,000 J2, the highest inoculum 
level. 
The galls were scanty and very small at lowest (Pi = 05 J2) initial 
inoculum level. The gall number and the gall size increased from lower to 
higher inoculum levels with the maximum at the highest inoculum level. The 
number of mature females recovered from plants at Pi = 05 J2 increased to 
maximum at Pi = 50,000 J2. However, their size decreased as the inoculmn 
level increased. 
At lowest inoculum level one nematode was enough to cause tlie 
formation of giant cell complex. While at higher inoculum levels more 
nematodes were found causing multiple giant cell complex. The average size of 
giant cell was large at lower inoculum level and small at higher inoculum level. 
The giant cell cytoplasm was more dense at lower inoculum level than at 
higher inoculum level. Abnormalities in the orientation and structure of xylem 
and phloem were few at lower initial inoculum level and more at higher 
inoculum levels. 
At lowest initial inoculum level there were six to eight giant cells around 
the head of a mature female. The giant cells were larger in size and enclosed 
dense cytoplasm, as compared to higher inoculum level. The amount of 
abnormal xylem and phloem was more at higher initial inoculum level than at 
lower inoculum level. Out of five primary inoculum levels (05 J2, 50 J2, 500 J2, 
5000 J2 and 50,000 J2) considered, the galling was scanty and also the size of 
the gall was very small at lowest inoculum level. The number of mature 
females recovered was low at lowest inoculum level, however, their size was 
large as compared to other higher inoculum level. At the lowest level the 
number of eggs per egg mass was more. 
By the increase in primary inoculum level, the plant growth gradually 
reduced, number and size of the gall increased, number of mature females per 
gram root increased but the size of the mature females decreased. The number 
of egg masses per plant were also increased. Greatest reduction in length and 
weight of the plant was observed at the highest initial inoculum level. The 
number and size of the gall, the number of mature females per gram of root, 
number of egg per egg mass decreased with an increase in initial inoculum 
level. 
The third experiment was conducted to observe the effect of different 
inoculuih levels of the nematode on plant growth, yield, leaf pigments and 
biochemical contents of the plants of the bottle gourd. At lower inoculum level 
the plant growth was improved but at higher inoculum level the growth of the 
plant suppressed. 
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The chlorophyll pigment of the leaves of L. leucantha decreased with 
increase in inoculum level of M incognita. The protein content of the roots of 
M incognita infected plant increased with increase in inoculum level, while 
protein content of stem and leaves of the plant decreased. The carbohydrate 
content of the root, stem and leaves of M. incognita infected plant decreased 
with an increase in initial inoculum level. 
The next experiment was designed to study the interactive effects of M 
incognita and Pythium aphanidermatum on the plant growth, yield, amount ol 
chlorophyll pigment and protein content of the bottle gourd. The fungus was 
added into the soil around the roots before and after of nematode inoculation. 
The fiingus was applied at specific time period after seedling transplantation 
It's effect on plant growth, yield, chlorophyll pigment and protein content and 
nematode development was observed. 
In the presence of fungus P. aphanidermatum, the growth of M 
incognita infected plant was retarded. Leaf area, yield, chlorophyll and protein 
contents also decreased significantly, when compared with control. In the plant 
growth, yield, chlorophyll and protein content,the reduction was maximum 
when the plants were inoculated with nematode, and after one week, with the 
fungus. Minimum reduction in all the parameters was observed in the treatment 
where plants were inoculated with nematode alone. 
Maximum number of galls were found on the plants inoculated with the 
nematode, seven days prior to fungal inoculation, followed by simultaneous, 
nematode alone and fungus prior nematode post, respectively. 
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Histological studies of the roots infected with M. incognita and P. 
aphanidermatum revealed the presence of fungal hyphae around the nematode, 
near the giant cells, in the xylem and in the soft tissues. The hyphae entered 
into the root tissue grew inter and intra-cellularly. 
The fifth experiment was conducted to investigate the effect of soil 
application of fly ash, in different concentrations, on the plant growth, yield, 
leaf pigmentation and protein content of bottle gourd. In the first year, an 
increasing trend was observed from 10% to 40% fly ash levels as compared to 
control. Increase in the growth and yield parameters was found significant, 
highest at 30% fly ash level. Further increase in the concentration of the fly ash 
reduced the plant growth, yield, leaf pigmentation and protein content of the 
plant. Highest suppression in al the growth parameters had occurred at 50% fly 
ash level. 
In the second year using the soil of previous year, a similar increasing 
trend was observed at all the fly ash levels except at 40% fly ash level, which 
exhibited reduction. The quantum of increase in growth and other parameters, 
however, was lower than that of the first year. At 50% fly ash level the 
reduction was higher than the previous year. 
In the third year, while comparing with control, reduction in all the 
parameters was observed at all the fly ash levels. The extent of reduction was 
lower at 10% to 30%. fly ash levels and higher at 40%) and 50% fly ash level. 
In another experiment, effects of both fly ash and root-knot nematode M 
incognita on bottle gourd, L leucantha were studied. Root-knot disease in 
terms of number of root galls and egg mass production showed a decreasing 
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trend when concentration of fly ash was increased, as compared to nematode 
inoculated plants. Higher fly ash levels were inhibitory for the development of 
the nematodes. The number of galls and the egg masses was lowest at 50% 
level. 
In the second year, reduction in all the parameters was greater in 
comparison to first year. Disease severity caused by the nematode was 
decreased by the application of fly ash. In the second year, number of galls and 
number of egg masses per plant decreased with increase in the level of fly ash. 
While in the third year, there was further decrease in the plant growth, yield, 
leaf pigmentation and protein content of the plant. 
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